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Atomic energy and us 


“™'NOMMENCING with this issue, CHEMICAL & 
psec ENGINEERING is proud to link its title 
with that of ATOMIC WorLD which, under the title of 
Atomics, was launched in 1949 as the first European 
journal to serve the nuclear industry. In championing 
nuclear technology as a vital new industrial force long 
before it became generally recognised as such the 
publishers showed the same foresight as moved them 
in 1925, to publish the first Chemical Engineering & 
Chemical Catalogue, at a time when few were able to 
see the immense possibilities of chemical engineering 
in industry. That same sure instinct led, just after the 
war, to the establishment of CHEMICAL & PROCESS 
ENGINEERING (then known as International Chemical 
Engineering) as the first British-produced monthly 
journal to deal, first and foremost, with the practical 
applications of chemical engineering in all kinds of 
industries. 

Now the Leonard Hill Technical Group publishes 
CHEMICAL & PROCESS ENGINEERING INCORPORATING 
ATOMIC WoRLD with the firm conviction that chemical 
engineering and nuclear technology are so closely 
linked that to produce separate journals on these 
subjects is no longer realistic. In this way it is hoped 
to bring together the latest important practical advances 
in a way that no other publication has achieved. 


The main purpose of CHEMICAL & Process EN- 


GINEERING remains unchanged: it will continue to 
record the latest advances in chemical engineering and 
to translate them into practical techniques for the 
chemical, petroleum, fertiliser, plastics, metallurgical, 
gas, paint, food, oils and fats, pulp and paper, pharma- 
ceutical and numerous other industries. The difference 
is that, with the incorporation of ATOMIC WORLD we 
shall, in addition, devote extra attention to this im- 
portant new industry which is destined to have such a 
profound influence on other industries and tech- 
nologies. 

We are not alone in recognising chemical engineering 
and nuclear technology as two of the most powerful 
influences in modern industry. We quote, at random, 
some recent pronouncements of leading authorities on 
this subject: 

The industrial development of atomic power is demanding 
the services of more and more chemical engineers. From the 
extraction of uranium and thorium and the ‘separation of the 
desired isotopes, through the construction and operation of 
reactors and the harnessing of the power released, to the 
separation of fission products and the safe disposal of radio- 
active wastes, the chemical engineer is involved at every stage.— 
“Chemical Engineering—A Career,’ Institution of Chemical 
Engineers, November 1956. 

Since early 1941 chemical engineers have played a prominent 
role in the development of nuclear energy, both for military 
and peaceful uses. Their early contributions included the 
production of pure graphite, recovery of uranium from ores in 
an extremely pure form, separation of heavy water, separations 
of valuable plutonium from massive amounts of irradiated 
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uranium and from fission products, and diffusional separation 
of U-235 from natural uranium. Nuclear reactors have dictated 
the development of extremely efficient methods of heat transfer, 
requiring in turn the solution of problems associated with 
high-velocity fluid flow systems. The effects of radiation 
damage on materials of construction have had to be evaluated. 
The hazards of working with radioactivity have been overcome 
with the development of shielding, remote means of operation, 
and means for the safe disposal of gaseous, liquid and solid 
wastes. Almost all of these achievements have resulted from 
the application and extension of the basic unit operations of 
chemical engineering.—Abstract from paper by F. R. Huffman 
and C. E. Stevenson, Golden Fubilee meeting of American Institute 
of Chemical Engineers, June 1958. 


The impact of nuclear energy has been particularly strong on 
chemical engineering and on chemical engineers, on their 
professional societies, on their educational programmes, and on 
the hard core of chemical engineering technology. Several 
thousand chemical engineers are now employed in the nuclear 
field and many of them have had to spend considerable time 
enlarging upon their basic education to include the new nuclear 
technology. Nuclear energy has had a direct effect on chemical 
engineering teaching and curricula. New techniques and new 
equipment have been developed to meet the needs of the nuclear 
programme. These have become an integral part of our 
chemical engineering technology. This trend can be expected 
to continue.—Abstract from paper by F. F. Martin and H. A. 
Ohilgren, Golden Fubilee meeting of Am. Inst. Chem. Engrs. 


The development of nuclear reactors has involved chemical 
engineering at each stage starting with the extraction of the 
primary raw materials uranium and thorium from their ores and 
the separation of isotopes for the enrichment of the fissile 
material. The building of the reactors has called for new 
materials capable of operation at high temperatures under 
intense radiation with the maximum economy in neutrons. 
Then the safe transfer of heat to the generating plant requires 
coolants with special | properties and involves new techniques. 
The processing of ‘spent’ irradiated materials to remove 
fission products and recover the fissile material presents an 
entirely novel set of problems and a completely new conception 
of remote control because of the dangers from radiation. Later 
comes the separation of fission products of value in industry 
and medicine and the disposal of unwanted residues. All this 
involves the development of fresh chemical engineering processes 
and the design and operation of new forms of plant.—Sir 
Harold Hartley, * School Science Review,’ March 1954. 


The broader conception of chemical engineering as the 
engineering of the process industries would be a great help in 
building up the nuclear engineering industry. The develop- 
ment of atomic energy is going to be of great importance in the 
coming years, and it is essential that the universities should be 
turning out men who have a suitable theoretical training to give 
them an understanding of the underlying theory of nuclear 
reactors, and to enable them quickly to grasp the technologies of 
design. Such men will be needed not only in the atomic energy 
organisation, but also by the industrial firms who are now being 
trained in atomic energy work and who, all being well, will be 
taking orders for the construction of nuclear reactors in a few 
years time.—Sir Christopher Hinton, O.E.E.C. conference on 
* The Functions and Training of the Chemical Engineer in 
Europe,’ London, March 1955. 


CHEMICAL & PROCESS ENGINEERING INCORPORATING 
ATOMIC WORLD will bring together the latest tech- 
niques in nuclear engineering, showing how the con- 
tributions of chemical engineers, chemists, metal- 
lurgists and physicists can be applied to the design of 
reactor systems, the production and processing of 
reactor fuels, the separation of isotopes, the treatment 
and disposal of radioactive wastes, the safe operation 
of atomic installations, instrumentation, and all the 
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other complicated problems that the nuclear tech- 
nologist has to face. It will not overlook the applica- 
tions of atomic energy in other industries, such as the 
processing of materials by irradiation, and the engineer- 
ing uses of radioisotopes. 

We begin in this issue with a special contribution 
from Dr. J. R. Grover on the fixation of fission product 
wastes; Dr. F. R. Paulsen’s illuminating commentary 
on plutonium extraction processes; an assessment of 
the recent criticality accident at Los Alamos, U.S.A.; 
a description of the new atomic research establishment 
at Winfrith Heath in Dorset; and a description by 
D. J. Chleck and C. A. Ziegler of a new instrument 
for measuring the concentration of non-radioactive 
gases. 


U.K.A.E.A. consolidates its atomic energy 
programme 


HE Fifth Annual Report of the United Kingdom 

Atomic Energy Authority (H.M.S.O. 5s.), reveals 
no startling new developments, no massive new 
projects which have not previously been announced; 
rather it is a record of patient, plodding work over a 
wide range of interests, from thermonuclear fusion to 
atomic submarines. It is truly remarkable how all 
these activities have come to be accepted as common- 
place when, up to four years ago, much of the research 
and development work in atomic energy was carried 
on, if not in secret, at least without attracting much 
attention from the man in the street or the tech- 
nologist who was not directly concerned. As the 
report recalls, the many spectacular achievements 
which were announced in 1955—the first year of 
great publicity—and those that have been announced 
since, were the fruit of ten years’ work which till 
then had been largely unnoticed. The rate of advance 
continues to be rapid; but further progress can only 
come from research that is increasingly complex and 
expensive both in money and in men, and it takes 
time. 

The opening of Calder Hall in 1956 and its success- 
ful operations since then have demonstrated con- 
clusively that electricity can be produced from nuclear 
power on an industrial scale. We are now in a period 
of consolidation. The next step is to improve the 
economics of nuclear power, and intensive work is 
being carried on to this end. At the same time, the 
U.K.A.E.A. continues to devote substantial effort to 
research and development on controlled fusion 
reactions and on the production and application of 
radioisotopes. 

Capital costs of nuclear power stations are pre- 
dicted to fall by about 30% as the development 
potential of the present main types is realised. Further 
falls should be possible as advanced types, such as 
the fast and high-temperature gas-cooled reactors, 
come into operation. 

In work on fuel elements, the most significant 
contribution to further development has been derived 
from detailed examination of Calder fuel elements 
after they have been irradiated in the reactors. During 
the past year major advances have been made in the 
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techniques for the examination of irradiated fuel 
elements and a large effort has been expended on 
regular examination. Over 800 fuel elements have 
been examined. Precision measurements on the fuel 
show that even after long periods of irradiation ani 
thermal cycling in reactors, the changes which occur 
are small, and that the dimensional stability of the 
fuel has been maintained over long periods. The 
prediction that creep of the uranium would be acceler: - 
ted by irradiation has been confirmed. There wa:, 
therefore, an increased possibility of bowing of the 
fuel elements. Quantitative measurements were mac * 
to determine the restraint required to prevent di:- 
tortion of this type. As a result, a satisfactory tect - 
nique of bracing the fuel elements has been evolve: , 
so that bowing is no longer a problem. 

The application of radioactive isotopes continuc. 
steadily to grow both in range and importance t» 
science and industry. The carbon-14 labelled con:- 
pounds have proved to be of great importance ii 
studying metabolic processes such as the synthesis cf 
proteins from nucleic acid. The tritium labelle.! 
compounds are now beginning to have a similar 
importance since the short range of the electrou 
emitted from tritium allows a very precise localisatioi: 
of the tritium in tissue. Thus the process by whic) 
thymidine is incorporated into DNA (deoxyribose 
nucleic acid) molecules and thence into chromosomes 
has enabled the biologist to follow the phenomenon 
of chromosome division and duplication. 

Commenting on the ‘present ‘over-supply’ of 
uranium from world mining operations, and the 
likelihood of a fall in price, the report issues a warning 
that those concerned should, before becoming involved 
in any expenditure, weigh what chances there are 
that a new uranium mine could be brought into 
production assuming a selling price, including amor- 
tisation, probably even lower than $8 per Ib. 

During the past year the U.K.A.E.A. has carried 
out a major review of its health and safety organisation 
and one chapter of the report is devoted to this 
important subject. It includes a brief review of the 
latest research on the disposal of radioactive wastes. 


Fluid-bed production of maleic anhydride 
RODUCTION of maleic anhydride by the vapour- 
phase oxidation of benzene over a fluid bed of 

catalyst has been the subject of recent studies in 

India. Catalysts containing equal proportions of 

vanadium and molybdenum oxides have been found 

to give the best performance. It has been found that 
the addition of small quantities of P,O; enhances the 
life of the catalyst. Also, the quantity of benzene 
oxidised per unit volume of the catalyst is increased by 
incorporating PO, in the catalyst. Carriers like silica 
gel with high porosity have a deleterious effect on the 
conversion of benzene to maleic anhydride. On the 
other hand, carriers with low porosity like quartz 
are unsuitable as the catalyst oxides peel off due to 
abrasion in the fluid bed. Of the carriers investigated 
alundum gave the best results. 

The experiments were carried out by B. S. Trehan, 
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I. K. Suri and R. T. Thampy of the Shri Ram Institute 
for Industrial Research, Delhi. Reporting on their 
work in the fournal of Scientific & Industrial Research, 
1959, 18B (4), 147, they record that the ratio of air to 
benzene has also a bearing on the yield of maleic 
anhydride. Optimum yields were obtained when the 
ratio of air to benzene was between 162: 1 and 218: 1 
by volume. 


Chemicals in Brazil 

Y-\ESPITE Brazil’s known great mineral wealth, 
\_ Z her chemical industry is still largely dependent on 
imported raw materials. Difficulties of transportation 
in the interior of the country, and the great overland 
distances involved, seem to be the main reasons for 
ihis situation. Most of the important deposits of 
minerals are in the centre of Minas Gerais where the 
cost of carriage has, in the past, been so high that 
proper development has not taken place and manu- 
facturers have been obliged to rely on imports. With 
the rapid improvement in roads and railways now 
going on it seems probable that this situation will 
eventually alter. 

An interesting picture of Brazil’s chemical indus- 
tries, located mainly in the two states of Rio de 
Janeiro and Sao Paulo, is revealed in a survey com- 
piled by the Board of Trade in London recently. This 
notes, for instance, that Brazil is self-sufficient in 
sulphuric acid. Production in 1954 was estimated at 
187,000 tons. There are at least 12 manufacturers of 
whom the Companhia de Superfosfates e Produtos 
Quimicos is the most important. 

Caustic soda production in 1956 by the two com- 
panies, Industrias Quimicas Eletro Cloro S.A. and 
Industrias Reunidas F. Matarazzo S.A. was believed 
to be 25,100 tons. In addition, three other plants were 
said to be in operation with undisclosed, but probably 
smaller, production, while Eletro-Cloro were reported 
to be increasing their capacity to 35,000 tons in 1960. 
Total imports in 1957 were over 90,000 tons. 

Total production of hydrochloric acid is estimated 
at 10,000 tons p.a., while there are seven manufac- 
turers of sodium sulphide whose total production is 
estimated at 12,000 tons. Acetic acid production in 
1954 was 18,000 tons, of which 3,000 tons came from 
the Usina Victor Sence at Campos in the State of 
Rio de Janeiro and the balance from manufacturers in 
the State of Sao Paulo. 

Only one company, Industria Quimica Mantiqueira 
S.A., is at present manufacturing hydrogen peroxide 
in Brazil, but to its production of about 450 tons p.a. 
will be added that of a new plant, capacity about 700 
tons p.a., belonging to Companhia Eletroquimica de 
Osasco. 

The Usina Victor Sence is said to be producing 
about 1,000 tons p.a. of butanol. A Sao Paulo sub- 
sidiary of the same company produced 2,000 tons in 
1957. There are also plants for the manufacture of 
acetic acid, acetone, ethyl acetate and other solvents by 
a direct fermentation process. A methanol plant pro- 
jected by Alba S.A., near Cubatao, Sao Paulo, has a 
planned production target of 15,700 tons p.a. 
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Scientists broad and narrow 
HE more one sees and speaks to present-day 
scientists, the more uneasy one feels about their 


intense preoccupation with science. In this day and 
age, when rapid developments in electronics and 
nuclear physics have brought us to the beginning of 
a new era in science and technology, vital and urgent 
social and ethical problems are raised and we have 
need, more than ever before, of scientists who have 
a broad streak of the philosopher and humanitarian 
in them. But present-day educational systems, with 
their emphasis on specialisation, tend to turn out 
individuals who have been trained to close their 
minds to any considerations other than those imme- 
diately connected with their chosen field of study. 

Sir Alexander Fleck, who is shortly to retire from 
the chairmanship of I.C.I., and who may be counted 
as an outstanding representative of an older, more 
thoughtful, generation of scientists, points out that a 
‘polarised’ educational system has rendered intellectual 
contact between the scientist and the non-scientist 
inordinately difficult because communication between 
them is being gradually destroyed. Speaking at a 
conference on radiological health and safety at New 
College, Oxford, he expressed the need for more 
minds in which the scientific attitude and the classical 
or historical tradition co-exist. Recalling his early 
days at I.C.I. Billingham, when that organisation 
was in its stage of evolving rapidly almost overnight 
from concept to practice, he said it was believed in 
those days that technical problems could be solved 
by handing them to a team consisting of a chemist 
and an engineer. This was not so any longer, for it 
is now seen that chemical engineers are more than 
the sum of their parts. So it would prove with radio- 
logical health and safety, he predicted. It was only 
when there was something of the medical man, the 
scientist and the humanist welded into one that we 
had the right kind of expert for dealing with this 
vital question. 

Chemical engineering is, indeed, a following which 
calls for breadth of vision as well as breadth of know- 
ledge in the individual and in its revised ‘Scheme 
for a Full-time Course in Chemical Engineering’ 
(May, 1959, 2s.), the Institution of Chemical Engineers 
rightly emphasises that encouraging students to 
exercise originality and initiative to the full should 
be a primary object of any course of training. The 
point is also made that teaching should not be so 
intensive that the student has not time to assimilate 
facts and think for himself. The most important 
point about the new Scheme is that chemical engineer- 
ing topics are part of the course from the very first 
day, instead of being left until the third year as 
previously. This takes a step in the right direction, 


for nothing has contributed more to the muddled 
outlook of many present-day scientists than the lack 
of an overall guiding philosophy to weld together the 
numerous separate subjects assimilated. 

But to return to the main topic of the need for 
broader outlook in science, an important influence 
is the attitude of the individual to scientific research. 
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Prof. R. C. Ernst, of the University of Louisville, 
U.S.A., commented at a recent meeting of the 
American Society for Engineering Education that the 
number of scientists doing individual personal research 
is fast dwindling. It was accepted that research is a 
part of scientific engineering education, but whether 
it should become a source of income to expand 
facilities and to provide adequate salaries for staff 
presented a problem. Consideration should be given 
to the value of encouraging individual creative thinking 
and personal experimental work. 


Fish-drying in Uganda 
ENDING the furnace of a tunnel drier for 36 hr. 
continuously while fighting off persistent attacks 

by mosquitoes, and at other times having encounters 

with enraged elephants, and getting stuck in the mud 
in a pygmy-populated jungle, seem the sort of activities 
likely to provide that mental stimulation so necessary 
for solving chemical engineering problems. These 
were some of the experiences of a fish-processing expert 
from the Food and Agriculture Organization in Rome, 

Dr. R. Kreuzer, when he went to Africa to see if he 

could find a way of improving the fish-drying processes 

practised there. 

Sun-drying is the traditional method, but this is 
dependent on the vagaries of the weather and is 
particularly unsatisfactory during the rainy season. It 
was felt that it would be possible to dry fish by artificial 
methods if simple, economical equipment could be 
devised. 

So, armed with a petrol engine and a fan, Dr. 
Kreuzer set off for Africa. His first effort at drying- 
tunnel construction, in the Sudan, ended in failure 
because rain and mud prevented transportation of the 
necessary building materials to the site. Moving on to 
Uganda, however, he was able to carry out his ex- 
periments in a fish-processing factory, where a new 
tunnel was built by regional officials and an oven was 
also constructed. This was made out of an old metal 
container which was used as a sort of brazier, and with 
it the fish could be dried in 24 to 36 hr. as against the 
10 to 14 days taken by sun-drying during the rainy 
season. Unfortunately, however, the dried fish came 
out brown, because of smoke from the fire, and were 
unmarketable. 

The experiment was carried out again, this time with 
a new brazier placed lengthwise at the entrance to the 
tunnel and with a pipe running the length of the tunnel 
to carry off the smoke and fumes. An electric motor 
was acquired to replace the petrol engine. However, 
it was still necessary to keep the oven fire alight for the 
whole 36 hr. of drying time and a night-watchman was 
put on duty to ensure that this was done. The man 
appointed to this task proved unreliable and Dr. 
Kreuzer became convinced that the only way in which 
the experiment could be ensured of a fair trial was for 
him to keep watch throughout the 36 hr., which he 
did twice in five days. 

The result of the new experiment was a batch of 
artificially dried fish which was declared to be superior 
to most of the traditional sun-dried product. 
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Towards safer and healthier factories 
OES the use of synthetic fibre ropes in heavy 
chemical works overcome the problem of con- 

tamination with acid to which natural fibre ropes are 

subject, and which leads to the danger of accidents 
when the rope is used? Opinions differ about th- 
suitability of synthetic yarns for process work. On: 
heavy chemical works, for example, reports that 
extensive tests have been made and are still going on 
and more experience is thought necessary befor: 
adopting synthetic fibre ropes entirely. Anothe- 
works, making sulphuric, hydrochloric and nitri: 
acids, as well as other heavy chemicals, has use| 
these ropes for three years and is well satisfied. Tw» 

ropes in general use by the chemical plumbers and 01: 

the sulphuric acid plant towers are stated to be still i 

good condition. Commenting on this the Annua 

Report of the Chief Inspector of Factories (H.M.S.O 

5s. 6d.) expresses the hope that firms will continu 

to experiment with synthetic fibre ropes so that th 
experience gained can be co-ordinated into concret:: 
recommendations and standards for their use. 

Dealing with the increasing large-scale use o: 
organic peroxide compounds, the report points ou 
that the peroxides are suitable for initiating variou: 
reactions because they are sources of unstable entities 
called free radicals and it is to be expected, therefore, 
that the peroxides themselves are somewhat unstable. 
This is so, but those available commercially are, by and 
large, sufficiently stable to be handled with safety it 
reasonable care is taken, although relatively only smal! 
quantities of these compounds are generally used in 
factories. It is important to follow certain precautions 
and the report outlines these. 

Another material which is a source of danger is 
mercury. It is well known that mercury is poisonous, 
but a fact not so well appreciated is that the vapour 
pressure of mercury is such that if sufficient of the 
liquid is exposed in a closed room at normal tempera- 
tures the concentration of the vapour in the air may 
rise to more than 100 times the generally accepted 
maximum safe concentration. Mercury becomes 
dangerous if spilled on the floor and subsequently 
spread over a large surface area by the passage of 
traffic. A method of decontamination that has proved 
successful consists of treating the affected areas with 
a wash based on equal parts of slaked lime and flowers 
of sulphur. This wash is liberally applied to the 
floors, lower parts of the walls, and work-benches, and 
will dry with the appearance of a colour-washed 
surface. Twenty-four hours later the wash is removed 
with clean water, and the surface allowed to dry. The 
work should normally be carried out during a closed 
period, such as at week-ends, when the articles used 
in connection with the process can be removed. 

Explosion of hydrogen is another common hazard 
in industry and the report describes how a firm 
installing a plant to manufacture refrigerators of the 
absorption type, achieved safety in the handling of 
hydrogen by fixing the plant outside the factory wall 
with controls fitted inside the workroom and a cat- 
walk round the plant for the use of maintenance men. 
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Fixation of Fission Product Wastes 


for Ultimate Disposal 


By J. R. Grover, B.sc., Ph.D., A.M.1.Chem.E. 
(Chemical Engineering Division, Atomic Energy Research Establishment, Harwell) 


The future of nuclear power will ultimately depend on the successful development of methods for 
disposing of atomic wastes. In this, no less than in other fields of nuclear technology, chemical 
engineering has a vital part to play. Dr. Grover reviews the methods which have been developed so far. 


"THE splitting of the uranium atom 

| &- liberate energy in the form of 
heat is accompanied by the formation 
of a large number of other elements or 
fission products. Since these fission 
products act as poisons to the sub- 
sequent fission reactions, they must 
periodically be separated from the 
fuel. These fission or waste products, 
which include some 200 isotopes with 
half-lives ranging from fractions of 
a second to millions of years, are highly 
radioactive and, despite the initial 
rapid decay of much of the active 
material to a non-radioactive form, it 
is necessary to keep control of the 
wastes for a long time since they are 
a potential hazard to mankind. 


Magnitude of the problem 

In the U.K. it is planned that, by 
1965, 6,000 Mw. of electricity will be 
produced from nuclear power. This 
will require the annual consumption 
of about 10 tons of U** and will in 
turn give rise to a similar amount of 
fission product waste. After one year’s 
‘cooling’ this will be equivalent to 
a yearly output of 5 10° curies of 
activity which will in turn be equiva- 
lent to a heat output of 10 Mw. By 
the year 2000, 100 times these quan- 
tities will probably be produced 
throughout the world. 

After chemical processing of the 
fuel’ the waste solution will contain: 
(a) umextracted uranyl nitrate, (d) 
aluminium and lead nitrates, (c) cor- 
rosion products—nitrates of iron, 
chromium and nickel, (d) nitric acid 


(I—4 N, depending on method of — 


concentration) and (e) mixed fission 
products (present as nitrates). 

The urany] nitrate content is depen- 
dent upon the efficiency of the solvent 
extraction process and the total 
throughput of the uranium being 
processed. The aluminium and lead 
nitrates are from impurities in the 
uranium fuel and are also dependent 
upon the total throughput of uranium. 
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The corrosion products originate from 
the stainless-steel equipment and will 
vary with the extraction processes 
used. The individual fission products 
will vary slightly for different fuels 
and periods of irradiation and their 
quantity will be dependent upon the 
burn-up of the fuel. In some reactors 
this figure is fairly low, but for a power 
reactor operating with a burn-up of 
10,000 Mwd. tonne, the fission pro- 
ducts will be the major constituent of 
the waste solution. 

It has been proposec® that, if the 
two long-lived isotopes Sr 90 and 
Cs 137 could be quantitatively re- 
moved and stored separately, the 
remaining bulk solution would decay 
more quickly and its activity level 
would fall by a factor of about 1000 
after 15 years. Since the toxicity of 
Sr 90 is about 25 times greater than 
that of other beta emitters, the removal 
of this from the bulk fission products 
would reduce the overall toxicity by 


a factor of 25,000. The disposal of 
the bulk solution after 15 years would 
then considerably reduce the quantity 
of radioactive material to be stored for 
long periods. 

Unfortunately this is an _ over- 
simplification of the problem. The 
waste solutions contain a number of 
alpha emitters such as: (a) unextracted 
uranium and plutonium 239 and (6) 
neptunium 237, americium 241 and 
curium 242. 

The quantity of the latter increases 
as the fuel burn-up is increased and 
is likely to become even more of a 
problem when plutonium fuels or 
recycled plutonium are used. 

Even if the Sr 90 is removed from 
the waste solution, the health hazard 
from the alpha emitters, coupled with 
their long half-lives (470 years for 
americium 241), will prevent dis- 
charge. A special chemical treatment 
designed to remove alpha emitters will 
be required. 


Table |. Important Radioactive Fission Products 
Present in Irradiated Uranium after One Year’s Cooling 








: 
SLEGS af es nanaaeen 
STRONTIUM 89 54. DAYS 8 ONLY 
90 28 YEARS B ONLY 
YTTRIUM 91 61 DAYS 8, ¥ 
ZIRCONIUM 95 65 DAYS 8, Y 
RUTHENIUM 103 40 DAYS 8, ¥ 
106 1 YEAR 8 ONLY 
CAESIUM 137 30 YEARS B, ¥ 
CERIUM 4b 285 DAYS 8, Y 
PROMETHIUM 17 2.6 YEARS 8 ONLY 























Present methods of storage 


Although low-level radioactive 
wastes can be diluted to safe levels by 
dispersion at sea, the dilution factor 
involved for the large quantities of 
highly active wastes which will be 
produced in the future prohibits this 
method of disposal. The wastes must 
be contained under conditions of com- 
plete safety until all or most of the 
activity has decayed. 

At present, the Windscale highly 
active effluent is concentrated by 
evaporation. The concentration factor 
achieved is dependent upon the solu- 
bilities of the nitrates of iron and 
aluminium and upon the final nitric 
acid concentration: the lower the acid 
normality the greater the concen- 
tration factors which can be realised. 
The concentrated acid wastes are then 
stored in large, underground, stainless- 
steel tanks provided with cooling coils 
to remove the large quantity of heat 
liberated by absorption of the fission 
product energy. If this was not 
removed, the solutions would boil and 
the corrosion rates would probably 
increase. 

A fundamental difference exists be- 
tween the treatment employed at 
Windscale and that adopted in 
America.* In the early days at Han- 
ford the wastes were neutralised and 
then stored in mild-steel tanks to 
reduce the corrosion problem. In- 
stead of removing the fission product 
heat, the solutions were allowed to 
boil and slowly concentrate. This 
was accompanied, however, by a 
number of subsidiary problems such 
as local overheating, causing bumping 
and surging, and the large amount of 
ancillary equipment required to con- 
fine the activity. The solutions could 
not be concentrated by the same factor 
as at Windscale owing to the use of 
metal nitrate as salting-out agent in 
the extraction process. 

Later plants at Savannah River and 
Idaho follow the U.K. practice of 
storing acid solutions in stainless-steel 
tanks provided with submerged cool- 
ing coils. At the latter site the wastes 
have a high aluminium nitrate content 
as they arise from the processing of 
U/AI alloy fuels. 

Saddington* has reviewed the rela- 
tive costs of evaporation and storage 
for the various methods. 


Ideal methods of storage 


The storage of fission product wastes 
in underground tanks has been in use 
for about 10 years and valuable infor- 
mation has been obtained on the be- 
haviour of highly active wastes. In the 
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foreseeable future the annual arisings 
of wastes will increase very rapidly 
throughout the whole world. These 
wastes will have to be safely stored for 
many centuries, not decades, and the 
corrosion of the tanks over these long 
periods is an unknown factor. The 
installation of tanks and ancillary 
equipment is a very expensive item 
(it has been estimated at £100 to £200 
per cubic metre*) and the future cost 
will be dependent upon this unknown 
factor. 

The storage of wastes in liquid 
form can only be regarded as a tem- 
porary measure since there is always 
the danger of a spread of contamina- 
tion should a tank suffer damage from 
either catastrophic or natural causes. 





The conditions required for an ideal 
method of storage can be summarised 
as follows: 

(a) The wastes must be in the form 

of a non-dusty solid. 

(6) During storage, the activity must 

not be leached out. 

(c) The solid must not ‘ deteriorate ’ 

with time. 

The processes under investigation 
can be divided into two gener 
groups: 

(i) Fixation of the wastes in Mont - 
morillorite clay. 

(ii) Fusion of the wastes in glass 

and ceramics. 

These rely upon compounding th: 
active elements chemically into solid: , 
which are known to be highly stab! > 
over periods of centuries. 


Current methods under 
investigation 

The ion-exchange properties of 
Montmorillorite clay have been utilise | 
by workers at Harwell® and Brook- 
haven.® The natural material, whic 
is readily available and inexpensive, 
possesses a capacity for the exchange 
of cations up to one millequivalent pe: 
gramme of clay. When heated to 
above 1,200°C. the structure is altered 
and the ion-exchange properties are 
destroyed. 

At Harwell, a pilot plant was de- 
veloped for the fixation of the long- 
lived isotopes Strontium 90 and 
Caesium 137, assuming quantitative 
removal from the bulk of the fission 
products. At Brookhaven a large-scale 
disposal scheme was proposed for 
handling the bulk wastes after destruc- 
tion of the nitric acid by volati- 
lisation or neutralisation by electro- 
deionisation. 

The absorption of activity by ion- 
exchange methods suffers from two 
serious disadvantages: (a) the limit 
imposed by the ion-exchange capacity 
which fixes the total loading available; 
and (6) inactive cations must be re- 
moved from the effluent if possible so 
that the maximum capacity can be 
utilised for the exchange of active 
cations. 

Amphlett’ has overcome these dis- 
advantages by mixing the wastes with 
soil (a source of silica and alumina) 
and fluxes such as sodium carbonate 
and borax in suitable proportions and 
then firing up to 1,000°C. to produce 
a ceramic or glass which has a low 
surface area for leaching. 

A similar study is being carried out 
at Chalk River* where they are using 
the mineral nepheline syenite, the 
main constituents of which are silica 
(60°), alumina (24°) and sodium 
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and potassium oxides (15°,,). Although 
nepheline syenite melts at about 
1,250°C., the viscosity of the unfluxed 
melt is still high at 1,350°C. and the 
resultant glass is bubbly. The addition 
of 15°, calcium oxide ensures a 
smooth glass at 1,350°C. 

When the acid solution is mixed 
with nepheline syenite, the nepheline 
syenite is attacked and produces a gel 
of silica. The gelling time can be 
varied by variation of the lime con- 
tent. The gel is advantageous since 
when dried rapidly there is no serious 
entrainment of particulate matter dur- 
ing the removal of water and nitric 
acid. 

There has been a different approach 
to the handling of the aluminium 
nitrate solutions from the processing 
of aluminium alloy fuels. At Idaho’ 
the wastes are being converted to 
alumina in a fluidised bed. The par- 
ticulate product can either be leached 
with dilute nitric acid to remove the 
majority of the strontium and caesium 
prior to storage or alternatively stored 
in metal vessels. 

The incorporation of the calcined 
solids into a high-alumina ceramic 
glaze of the type Al,O,: CaO: SiO,: 
B.O,, which is highly stable to leach- 
ing, is being studied at the Massa- 
chusetts Institute of Technology.'° 

Glazes containing 23 and 28°, 
alumina have been prepared with 
melting points of 1,100 and 1,300°C. 
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(The high melting point of the latter 
is due to the absence of boric oxide.) 
These correspond to volume reduc- 
tions from liquid waste to solid glass 
of 6.8 and 8.3. 


Volatilisation of ruthenium and 
caesium 

Two of the fission products, ruthe- 
nium and caesium, present major 
problems in many high-temperature 
radiochemical processes. In nitric acid 
fission-product solutions, ruthenium 
exists mainly as the nitrato and nitro 
complexes of nitrosyl ruthenium. The 
relative quantities are governed by 
the equilibrium 


HNO, 
Ru NO —-—>» RuNO 
nitrato complex <-—— nitro complex 
HNO, 


At elevated temperatures and high 
acid normalities (>9 N HNO,) the 
ruthenium complex is oxidised and 
this decomposes to form volatile 
ruthenium tetroxide. The lower 
oxide, ruthenium dioxide, is not 
volatile, although above 900°C. it has 
been suggested* that the dioxide is 
oxidised by air to the tetroxide. 

In all the disposal processes de- 
scribed, the volatility of ruthenium is 
presenting serious problems, and a 
number of methods are being examined 
to trap the ruthenium tetroxide. These 
include deposition on stainless steel 





and firebricks coated with iron oxide,® 
absorption on silica gel and by scrub- 
bing with nitric acid.® 

Volatilisation of caesium commences 
near the decomposition temperature of 
caesium nitrate. The oxide produced 
is unstable and probably dissociates 
immediately to produce caesium. 
Large variations of caesium loss have 
been r2ported’: § due to the presence 
of a second reaction at higher tem- 
peratures. The constituents of the 
mix appear to react with the caesium, 
particularly when one or more of the 
constituents of the mix becomes 
molten. 


Design and operation of an active 
disposal process 


The design, operation and main- 
tenance of equipment for the handling 
of radioactive materials has been de- 
scribed in many references." 1? Cer- 
tain general principles apply whether 
one is handling fuel elements in a 
reactor, or solutions in a processing 
plant. 

All the equipment must be located 
behind heavy shielding to protect the 
operators from the dangerous radia- 
tions. For processing plants, all the 
equipment is constructed from stain- 
less steel supplied to a rigid specifica- 
tion, and fabricated by welding, each 
weld being examined both visually 
and radiographically to ensure com- 
plete reliability. 
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It was thought at first that, once the 
equipment had become active, further 
access to it would be impossible. No 
moving parts were used inside the 
active cell which might conceivably 
require maintenance. It has, however, 
been found possible to decontaminate 
certain sections of plants so that 
limited access under controlled con- 
ditions can be made. Recent plants 
have been designed as a number of 
units, each of which is located in a 
separately shielded compartment. Pro- 
vision is made for access, after suitable 
local decontamination, to each in- 
dividual compartment to carry out 
maintenance. Certain vulnerable pieces 
of equipment which might require 
frequent maintenance are located in 
lead-shielded compartments for easy 
access from outside the cell. With 
this type of plant it is extremely impor- 
tant that adequate decontamination 
facilities should be built into the 
equipment. 


Handling of solids 

The movement of granular solids 
and powders is one of the most 
difficult operations to carry out re- 
motely. Widespread contamination 
from dust will result from operations 
in open equipment and the danger of 
blockages is always present if the 
operations are in closed equipment. 

At Idaho a pneumatic solids con- 
veyor is being investigated’* for the 
remote transportation of the active 
granular alumina from the fluidised 
bed calciner to either a leaching 
column or to a disposal vault. Leach- 
ing of the soluble Sr and Cs from the 
alumina is being examined using a 
continuous countercurrent, liquid- 
solids contactor,’* the operation of 
which depends upon a hydraulic pulse 
introduced at the bottom of the 
column to assist the downward move- 
ment of the solids and which also 
ensures a high mass-transfer rate for 
the leaching. Both these transfer pro- 
cesses will give rise to dust problems 
and blockages must not occur if the 
compressed air or the hydraulic pulse 
fails. Similar problems will be 
encountered if the granular solid 
requires cooling in the final disposal 
vault. 

The incorporation of active wastes 
into a glass using either soils’ or 
nepheline syenite* requires the mixing 
of the highly active waste solution 
with a solid. In the latter case the 
handling and mixing problem was 
overcome by pelleting the nepheline 
syenite and lime with water and then 
‘alternately loading the pellets and 
active solution into a crucible until it 
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was full. Although the pellets can be 
made outside the shielding, the hand- 
ling of the pellets when they are trans- 
ferred to the crucible must be remotely 
controlled. 

The ion-exchange absorption of 
activity on Montmorillorite clay re- 
quired the handling of a material which 
in its natural form disperses in water 
to form a mud, which would be impos- 
sible to handle under active con- 
ditions. At Harwell,® water-stable 
granules of clay were prepared by 
bonding the raw material with a 
hydrolysed ethyl silicate solution and 
firing the hardened material to give 
the required bond strength. At 
Brookhaven® the clay was mixed with 
a critical proportion of water and a 
soil conditioner such as Krilium and 
then extruded into +,-in.-diam. worms 
directly into water. Both the granu- 
lated material and the worms were put 
into large containers outside the active 
cell. No further handling of the 
exchangers was required as the large 
containers were moved by remote 
operation into and out of the process 
area. 


Handling of bulky containers 

The difficulties involved in the 
movement of small particulate solids 
can generally be solved by containing 
them in a larger vessel which can be 
moved by specialised techniques. The 
canister used in the Montmorillorite 
clay process at Harwell is shown in 
Fig. 1. After assembly the canister 
was filled with clay. By means of the 
two hooks the canister could be lifted 
and located in any of the positions A, 
B, C or D in the process area by means 
of the overhead trolley shown in 
Fig. 2. All the controls were on the 
operating face outside the cell and the 
location of the canister in the exact 
position was by the indicator stops, a 
revolution counter and a Telerev 
indicator on the handwheel. 

An alternative scheme was pro- 
posed at Brookhaven.’ A number of 
very large containers were placed in 
a row in a trench dug in the ground. 
Pipework and remotely operated valves 
were located so that the columns could 
be saturated in turn. When they 
were all saturated, the contents would 
be fired and then the trench would be 
filled in with earth to provide shielded 
storage. This system is not entirely 
satisfactory as it would require large 
numbers of such burial places and it 
involves the ground disposal of highly 
active wastes, a practice which has not 
yet been accepted and which will 
require proof of its long-term safety 
before its adoption. 


The conversion of wastes to a glass, 
using nepheline syenite in small 
crucibles of 4.5-litre capacity, calls 
for the handling of some 400 crucibles 
day, i.e. one every 3.6 min.* The 
process requires the mixing of the 
ingredients, movement of the crucible 
on to a continuously operating rotating 
hearth furnace and, after firing, the 
transfer of the crucible to a suitat le 
storage area. The development >f 
a satisfactory conveyor and handli:.g 
equipment will not be easy for su:h 
a high throughput. 

The use of standard manipulat 
techniques with shielding windo\: 
will be of limited application to the 
problems, as concrete of about 4-':. 
thickness will be required, and t! 
loads to be moved will be heavy ar 
bulky. 


Make-and-break joints 

Inherent in the design of some di 
posal processes is the need for mak 
and-break joints in the pipeline. 
These will generally be in liquid lin 
but vapours may be involved anc 
the added complications of pressur 
vacuum or high temperatures may 
also be present. 

The joints developed for the clay 
disposal process at Harwell are show 
in Fig. 3. These joints made liquid- 
tight connections to the canister shown 
in Fig. 1. A silicone rubber seal, 
capable of withstanding temperatures 
up to 300°C., was used on the top 
joint and a rubber O ring was used on 
the bottom joint. These seals were 
located on the expendable half of the 
joint so that after use they were 
discarded. 

One of the major problems in the 
design of a remotely operated joint is 
the accurate location of the pipelines. 
This has been solved by White’® by 
using a modified lathe chuck to 
centralise and align the two parts 
before the joint was formed by closing 
a conical valve seat. This coupling, 
which was developed for vacuum use 
with }-in. nominal bore pipes, was 
satisfactory for gases up to 500°C. 
and liquid metals up to 300°C. and 
could be adapted for use with larger 


pipes. 


Furnaces 

All the fixation processes considered 
in this survey require temperatures in 
the range 1,000 to 1,400°C. to fix the 
activity into the solid. 

In general, the higher the tempera- 
ture required, the more difficult be- 
comes the design of furnaces for a 
long life, particularly if operation is 
batchwise. 
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Fig. 3. Remotely operated make-and-break joints for pipelines, developed for the 
clay disposal process at Harwell. 


The maintenance problem was over- 
come in the proposed Harwell process 
for the clay fixation® by the use of 
internal heating coils in the disposable 
canisters. The coils were designed so 
that the contents of the canisters could 
be fired to 1,250°C. with adequate 
safeguards to prevent premature failure 
of the heaters. Apart from remotely 
operated electrical connections and 
insulation assembly, no maintenance 
was envisaged. 

The trench disposal system® ™ re- 
quires a furnace which can be lowered 
from an overhead crane over the clay 
containers. This furnace is not an 
integral part of the disposal scheme 


and can be easily maintained. 

The nepheline syenite process*® re- 
quires temperatures of 1,350°C. The 
proposed use of a rotating hearth 
furnace overcomes the continual heat- 


_ing and cooling associated with a batch 


process but suffers from the serious 
disadvantage that the inside of the 
furnace will become badly contami- 
nated and will make any maintenance 
virtually impossible. 

To ensure a long life for the furnace 
elements the furnace temperature 
must be kept 100 to 200°C. below the 
maximum element temperature. Care- 
ful choice of fluxes in the mixes can 
lower the melting points. The prob- 
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lem should not be serious if the con- 
ditions can be chosen so that the 
maximum temperature is 1,100 to 
1,200°C. 


Layout of the process area 


It is now generally accepted that 
any radioactive plant can be decon- 
taminated sufficiently well for limited 
controlled access for maintenance pur- 
poses. The ease with which these 
decontamination operations are car- 
ried out is very dependent upon the 
design of the plant and the layout of 
the process area and extreme care 
must be taken during the design work. 

Most waste disposal processes can 
be divided into three sections: 

(1) Feed system. This will include 
the bulk of the active waste solutions, 
conditioning facilities if required, 
pumps or other means of transferring 
active liquids, instrumentation such 
as flow meters, level indicators, samp- 
ling facilities, and the necessary decon- 
tamination equipment for limited 
access to the area. 

(2) Main process area. This includes 
all the remote handling equipment 
required to handle the containers in 
which the wastes are moved after 
fixation, means of bringing fresh con- 
tainers into the cell, remotely operated 
make-and-break joints as required, 
high-temperature furnaces for fixation, 
instrumentation and again adequate 
facilities for decontamination of the 
equipment. This area is the most 
important of the three since the 
majority of the movable parts will be 
located here. 

(3) ‘Low ’-activity area, including 
such equipment as condensers and 
scrubbers, to handle the effluent after 
the activity has been fixed. Ideally 
the effluent should be of sufficiently 
low activity to dispense with the need 
for further processing before disposal. 
The amount of shielding required for 
this section will be considerably less 
than that required for the previous 
sections. 

The highly active cells for the dis- 
posal process, as well as requiring 
adequate concrete shielding for 8 and 
y radiation, must be built so that they 
are « tight as well. An efficient cell 
ventilation plant will be required. 
The movement of clean containers 
into such an area can be accomplished 
through a series of L-shaped passages 
to provide the necessary fy shielding, 
each section being treated as a 
separate air lock compartment. 

The removal of the container when 
full of activity presents difficult prob- 
lems. Firstly, it requires very heavy 

(Concluded on page 270) 
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The Causticisation of 
Sodium Sulphite Liquor 
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In a number of industrial processes the treatment of waste sodium sulphite liquors to yield caustic 
soda would appear to have attractive possibilities. This article outlines the method and conside’s 
economic and design factors. 


HE causticisation of sodium car- 

bonate by treatment with lime has 
long been a commercial process for 
the manufacture of caustic soda. The 
conditions for optimisation of the 
plant have been fully investigated and 
reported on by various authorities.!~* 
The causticisation of other salts of 
sodium have not, however, been re- 
ported on, although these arise in fairly 
considerable quantities as effluent 
liquors, and their disposal is an 
extremely difficult problem, particu- 
larly in the rayon and heavy organic 
industries. 

The conversion of these troublesome 
effluents into a source of useful 
amounts of caustic soda, while per- 
haps not economically justifiable as 
a process for caustic soda production, 
nevertheless merits careful considera- 
tion as an economical method of dis- 
posing of a troublesome liquid effluent. 
From this point of view the design of 
the causticisation plant can be opti- 
mised for soda production in the 
same manner as for soda ash. 


The production process 

Fig. 1 gives a generalised flow sheet 
of a plant used for the production of 
75°, NaOH from lime and sodium 
sulphite liquors. 

Lime is slaked by the addition of the 
sulphite liquors so that the full heat 
of slaking is utilised in the subsequent 
conversion to calcium sulphite. The 
mixture is classified in a rake classifier 
sO as to remove stones and uncalcined 
material in the lime, and is then 
thoroughly agitated in the mixing 


tank labelled ‘ causticiser,? which 
enables the reaction to approach 
equilibrium. 


The product of this reaction is 
a solution of sodium hydroxide and 
unconverted excess sodium sulphite 
with a precipitated calcium sulphite 
suspended in it. The principal prob 
lem in the causticisation is to keep the 
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calcium sulphite as an insoluble pre- 
cipitate and to separate the solution 
of caustic and sodium sulphite from it. 
Calcium sulphite is in fact much more 
insoluble than calcium sulphate, pro- 
viding the temperature is maintained 
at around 100°C. 

The solution and precipitate are 
passed into a series of thickeners 
where the caustic and sodium sulphite 
are recovered as a clear solution. The 
mud which settles out is passed 
directly to a rotary vacuum filter fitted 
with hot cake washing where the cake 
of precipitated calcium sulphite is 
washed clean from solution. The 
solution is returned to the slaker, 
whilst the cake is either dumped or 
disposed of for agricultural usage. 

The weak caustic soda solution is 
passed through a series of evaporators 
arranged in quintuple. effect, where 
the caustic is raised to a 75°/, concen- 


tration. The unconverted sodit 
sulphite in solution is completely i. 
soluble in caustic soda of over 20 
concentration, and is therefore p: 
cipitated out in the third effect, t 
solution and crystal being pass 
through a settler and rotary vacuv 
filter before passing the clear caust 
forward to the fourth and fifth effect. 

The crystallised sodium sulphite is 
recovered in an anhydrous form and 
is redissolved and recirculated until 
the sulphate content becomes high 
enough to merit discarding. 


i=} 
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Economic factors 

In order to determine the quantity 
of reactants to be used in the process 
it is necessary to investigate the factors 
affecting the economy of that process 
and the equilibrium concentration 
which will yield the greatest profit. 
In the production of caustic soda by 


Table |. Tests on Pure Na,SO, Solutions 





% Na,SO, in After causticising 





| % Na,SO, after 


Water evaporation 








original solution | 4 evaporation 1b./100 1b. | 1b./100 Jb. } 
| % NaOH | °., Na,SO, | teed 20°, NaOH 
18 4.26 11.25 | 52.8 654 1,891 
16 4.08 9.6 47.1 715 2,510 
13 Ley] 7.02 37.2 742 2,880 
10 3.47 4.5 25.95 786 3,671 
8 3.13 3.04 19.4 824 4,685 
7 2.89 2.42 | 16.74 836 5,255 | 
Table 2. Tests on By-product Sulphite Liquor 
| Water evaporation 
% Na,SO, in After causticising | % Na,SO; after |———— —— 
_ 1b./100 1b. | 1b./100 1b. 





original solution | 


| 
| 


3.8 2.00 0.63 
5.6 2.88 1.03 
8.23 3.42 | 2.81 
10. | 415 | 4.04 
11.48 4.20 | 4.82 
12.75 | 448 | 5.63 
13.72 4.63 | 6.38 
1460 | 4.68 7.16 
16.46 | 4.93 8.65 





°, NaOH | %, Na,SO, 


evaporation 

feed 20°, NaOH! 
6.2 960 24,000 
6.87 880 7,330 
15.64 835 5,060 
18.5 787 3,690 
21.85 780 3,550 
23.90 770 3,350 
26.29 761 3,190 
29.1 759 7,110 | 
33.5 742 2,880 | 
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Fig. |. Simplified flow diagram for the production of 75% NaOH from lime and sodium sulphite liquors. 


this process the concentration of 
sodium sulphite in the causticisers feed 
is the controlling factor. 

The most economic concentration 
of sodium sulphite which may be 
used in the process is between 10 to 
12°,,, and the product is 3.5 to 4%, 
caustic soda. 


Theoretical verification 


The. causticisation of sodium sul- 
phite is given by the equation 


Ca(OH), — Na,SO, 
2NaOH + CaSO, 


In this reaction a considerable excess 
of sodium sulphite solution is used, 
so that the calcium hydroxide is com- 
pletely eliminated but quantities of un- 
converted sodium sulphite remain in 
the weak caustic solution, salting out 
at a later stage of the process. 

Equilibrium between calcium 
hydroxide and sodium sulphite deter- 
mines the equilibrium in the reaction. 
At equilibrium the ratio of the con- 
centrations of hydroxyl and sulphite 
ions are given by the ratio of the 
solubility product equations 

BR, _ (at*) Cay 
K,  (Ca**) (SO;~~) 
Then 
Kr K, _ (OH 
K; (SO;~~) 

The value of this equilibrium con- 
stant K can be calculated from the 
solubility products of calcium hydr- 
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oxide and calcium sulphite at the tem- 
perature and concentration ruling. 
There is, however, disagreement be- 
tween values calculated in this way and 
the experimental values, largely be- 
cause of errors in the extent of 
dissociation allowed. But, considering 
this equation, it can be seen that, 
since the concentration of the hydroxyl 
ion appears as the square and the con- 
centration of sulphite ion as the first 
power, the more dilute the solution 
the larger will be the ratio of hydroxyl 
to sulphite ions at equilibrium due to 
greater ionisation at greater dilution, 
and from this it can be deduced that 
the more dilute the solution the more 


complete is the conversion. 

It is desirable to have the sodium 
sulphite concentration low, but it is 
also desirable to produce as strong a 
solution of caustic soda as possible, due 
to the cost of the subsequent evapora- 
tion. 

The balance between completeness 
of conversion on the one hand and 
cost of evaporation on the other is the 
basic economic factor on which the 
concentration of sodium sulphite to 
be used is determined. 


Experimental results 


Tests were carried out on the 
causticisation of pure sodium sulphite 
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Fig. 2. Causticisation of pure sodium sulphite solution. 
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Fig. 3. NaOH from by-product sulphite liquor. 
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Fig. 4. Water evaporation curve. 


liquors to determine the variation of 
causticisation with concentration, and 
then these repeated on by-product 
sulphite liquors from synthetic phenol 
manufacture containing a percentage of 
phenols. Values were tabulated and cor- 
responding graphs (Fig. 2) drawn for: 

°4, NaOH in liquor after causticising. 

%, Na,SO, left in causticised liquor. 

°, Na,SO, present after liquor is 

concentrated to 20°, NaOH. 

Water evaporated per 1,000 Ib. feed 

liquor in evaporator. 

Water evaporated per 1,000 Ib. 20%, 

NaOH solution produced. 
These values were obtained also for 
plant liquor. The resulting graphs are 
shown in Fig. 3. 

The substances entering the system 
are sodium sulphite, anhydrous solid 
as make-up, and lime and, since the 
cost of these reactants is small in com- 
parison with the cost of steam to the 
process, both for heating and evapora- 
tion, and is approximately proportional 
to the throughput, these can be 
omitted from the economic balance in 
comparison with steam costs. 

Assumptions which must be made, 
however, are: 
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2. 2 £ 4a 7 ££ 6 
LB.WATER EVAPORATED/ 
1000 LB. 20% NaOH PRODUCED 


(1) That capital cost and deprecia- 
tion are proportional to the 
weight of solution produced in 
the causticisers. 

(2) That the evaporator system 
allows a calculation based on the 
assumption that a fixed quantity 
of steam evaporates a fixed 
quantity of water, and that this 
does not alter with the amount 
of solution processed. 

(3) That time to reach equilibrium 
is the same in all cases. 

The by-product sulphite liquors had 

the following analysis: 


NaOH = 0.45% 
Na,SO, = 35.56% 


Fixation of Fission Product 
Wastes for Uitimate Disposal 
(Concluded from page 267) 


shielding during its transfer to the 
final storage area. Secondly, the con- 
tainer must be assumed to be con- 
taminated on the outside and care 
must be taken during the transfer that 
the intervening area and handling 
equipment do not become contami- 
nated. An ideal arrangement to over- 
come these difficulties would be to site 
the cell on top of the storage area, 
hence overcoming the need to take 
anything out of the cell into an 
inactive area. Sufficient space and 
handling facilities would be required 
in the storage area to accommodate at 
least 20 years’ output of containers. 


Conclusions 

A large number of attractive methods 
are being examined for the conversions 
of highly active wastes to a solid un- 
leachable form. No recommendations 
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C,H,OH = 0.66% 


The concentration of this liquor was 
varied by dilution for the experimental 
investigation. 


Interpretation of results 


It can be seen that a higher degree 
of causticisation is obtained with the 
by-product sulphite liquor and it is 
suggested that this might possibly be 
due to the ionisation of the sodi:m 
phenate present depressing the ioni.a- 
tion of the caustic and thereby causi 1g 
the equilibrium to move towards * 1¢ 
formation of more caustic, as in ‘1e 
equation 


Na,SO, + Ca(OH), = 2Na* - 
(SO,)>- + Cat+ +. 2(OH) 
= 2NaOH + CaSO, 


Fig. 4 indicates that the weight of 
water to be evaporated does rot 
increase much for a fairly larze 
decrease in sodium sulphite conce1- 
tration and the optimum value | es 
between 10 and 14°. 
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The Development of 


Plutonium Separation Processes 


By F. R. Paulsen, B.sc., ph.b., F.R.1.C., F.C.S. 


Much effort has gone into the development of processes for the separation of plutonium from irradiated 
fuel elements in the atomic energy industry, and the techniques employed are a tribute to the joint 
ejforts of chemists, engineers and chemical engineers. This article summarises the processes available. 


S is well known, in nuclear 
t \ reactors based upon fission of 
uranium nuclei in natural uranium, 
there is always formation of some of 
the artificial, or man-made, element 
plutonium. Uranium, the 92nd 
element in the periodic classification, 
consists chiefly of the isotopes U?* 
and U***, the former occurring to the 
extent of only 0.7°% in the natural 
element. The maintenance of a chain 
reaction in the reactor, with con- 
sequent liberation of energy for useful 
purposes, depends on the fission of 
the U** nuclei by slow neutrons. The 
neutrons liberated by the chain re- 
action are slowed down by a modera- 
tor, graphite being used for this 
purpose in reactors of the Windscale 
and Calder Hall types. Some neutrons 
are captured by the U?* nuclei, which 
are thereby converted into U?*® nuclei. 
These new nuclei undergo successive 
@-decays, to give in turn Np” 
(neptunium) and Pu**® (plutonium), 
according to the scheme: 


238 1 
U + an = 
92 0 


239 -8 239 -8 239 





92 particle 93 particle 94 


The interesting feature of these 
conversions is that the nuclei of Pu?®®, 
although radioactive, are very long- 
lived, so that the artificial metal 
plutonium may be made in bulk and 
examined, stored, fabricated, and its 
characteristics studied at ease. Fur- 
ther, plutonium is sufficiently different 


from uranium in its chemistry to make - 


its separation from uranium easy (at 
least on paper), while the isotopes of 
uranium can be separated after lengthy, 
tedious and inefficient processes of a 
physical nature. Thirdly, plutonium 
is fissile by means of neutrons, thus 
resembling U***, It was very eagerly 
sought, then, for the making of 
atomic bombs, and it also offers some 
promise as a fuel for the production 


of commercial power. 

The separation of plutonium from 
uranium is very greatly complicated 
by the fact that during its formation in 
the reactor it is accompanied by some 
30 different elements (fission products) 
which are formed when the U** 
nuclei are broken down by neutrons. 
This mixture offers a bewildering 
range of chemical reactions, and is 
also intensely radioactive, emitting 
both -particles and y-rays. 

In the development of a process for 


‘the separation of plutonium from 


irradiated uranium, then, two main 
factors have to be taken into account. 
Firstly, the intense radioactivity ren- 
ders necessary adequate shielding in 
the chemical plant, at least until a 
stage is reached where the fission pro- 
ducts have been eliminated. Obviously, 
the earlier in the process this can be 
attained, the easier become the sub- 
sequent stages. Secondly, the highly 
complex nature of the fission product 
mixture makes it almost certain that, 
whatever chemical reaction is used for 
separating the uranium and plutonium, 
one or more of the fission products 
will accompany both the elements in 
question. Great ingenuity on the part 
of the chemists is necessary in order 
to circumvent such difficulties. 

Basically the separation methods 
have fallen into three types: 

(a) Those based on precipitation 

methods. 
(6) Those using solvent extraction. 
(c) Processes involving dry tech- 
niques. 

Each of these groups will now be 
discussed in more detail. 


Precipitation methods 

One of the earliest methods sug- 
gested was the lanthanum fluoride 
process. The irradiated fuel elements 
are dissolved in nitric acid, giving 
what is termed the ‘ dog solution,’ and 
containing the nitrates of uranium, 
UO,(NO,),, plutonium Pu(NO,), and 
some PuO,(NO,),, and fission product 
elements. Lanthanum nitrate and 
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hydrofluoric acid are added. This 
throws down a precipitate of lan- 
thanum fluoride, LaF,, accompanied 
by PuF,. The precipitate can be 
taken into solution again by fuming 
down with sulphuric acid, which gives 
the soluble sulphates, and nitric acid 
again added. The solution is oxidised 
so that the Pu** is oxidised com- 
pletely to the PuO,?* state, in which 
form it cannot be precipitated as the 
fluoride, and the lanthanum is again 
precipitated as fluoride. Now the 
plutonium is reduced back to the Pu** 
state, a little lanthanum salt added, 
and the fluorides again thrown down. 
Once again the precipitate is solubi- 
lised, then plutonium hydroxide is 
precipitated, converted into the nitrate, 
the peroxide thrown down, converted 
into soluble sulphate, and then into 
the periodate. A repetition of this 
cycle gives good decontamination from 
fission products, which tend to accom- 
pany the uranium salts. A summary 
of this method is given in Fig. 1. 

While this cycle contains no fewer 
than a dozen stages, it offers certain 
chemical advantages. The various 
chemical reactions ensure successive 
removals of certain of the fission pro- 
ducts. But what does the chemical 
engineer think of such a process ? 

Firstly, stages (i), (iv) and (vi) 
involve the use of fairly concentrated 
hydrofluoric acid, a chemical which is 
not particularly suitable for large-scale 
operations, since it is highly corrosive 
and also very toxic. Secondly, stages 
(ii) and (vii) involve fuming down the 
fluorides with sulphuric acid, again an 
unpleasant process. Thirdly, many of 
the precipitation stages lead to bulky 
and gelatinous precipitates which are 
difficult to filter or to centrifuge, and 
not easy to transfer completely from 
one vessel to another. Further, many 
of these precipitates are prone to the 
adsorption of impurities. 

A considerable improvement in pre- 
cipitation techniques was introduced 
in the U.S.A. in 1943, and adopted by 
Canada in 1944, when the bismuth 
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phosphate method was developed. 
The dog solution, about 8M. in nitric 
acid, is reduced by sulphur dioxide, to 
convert the plutonium completely to 
the tervalent state. Addition of a 
bismuth salt, together with sodium 
phosphate, throws down bismuth 
phosphate, and with it the plutonium 
phosphate, the uranium being left in 
solution. Of the fission products, the 
zirconium, niobium, and some of the 
rare earth metals tend to precipitate 
also. In a subsequent Canadian modi- 
fication, the bismuth salt was accom- 
panied by about 1%, of its weight of 
a zirconium salt. From the mixed 
phosphate precipitate the bismuth 
could be leached by means of IN 
hydrochloric acid while 9N acid 
removed the plutonium from the zir- 
conium. If the amount of added 
zirconium was about 10% of the 
weight of the bismuth, the zirconium 
could be leached from the precipitate 
by oxalic acid, then the bismuth with 
hydrochloric acid. In all of these 
techniques, although decontamination 
from fission products was fairly good, 
the bulky precipitates were again a 
severe engineering problem, being un- 
suitable for either the filter or the 
centrifuge. 

A number of other precipitation 
techniques suffered from similar draw- 
backs, and included methods based on 
zirconium phenyl arsonate, thorium 
periodate, basic ferric acetate, and 
peroxide precipitations. All such pro- 
cesses, however, even though they 
might give good decontamination, are 
highly unsuitable from the standpoint 
of the chemical engineer, especially in 
installations where remote control has 
to be adopted. 


Solvent extraction 

Typical of this group of processes 
was the early Canadian method used 
from 1949 onwards. The solvent used 
was a halogenated di-ether of formula 
Cl.CH,CH,O.CH,CH,O.CH,CH,CI. 
The dog solution is partially neutra- 
lised to leave the acidity about 2N, 
and a large amount of ammonium 
nitrate is added as salting-out agent. 
Extraction with the solvent removes 
most of the plutonium, and further 
extractions of the aqueous phase will 
increase the amount of plutonium 
removed. The organic plutonium layer 
can be reduced, and in the tervalent 
state the plutonium is readily trans- 
ferred into the aqueous phase again. 
This is actually a very much over- 
simplified description of the process, 
which is very complex, and each of 
the many stages involves certain 
losses. 
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La*+ 
(i) Pu*+ + UO,**+ + fip. ———-> (LaF, + PuF,) ppt + fip. 
+HF + UO,?* 
H,SO, 
(ii) (LaF, + PuF,) ppt ———~— La,(SO,), + Pu(SO,), 
KMnO, 
(iii) La,(SO,), + Pu(SO,). ——-—~> La,(SO,), + PuO,SO, 
HF 
(iv) La,(SO,), + PuO,SO, ——-—-> LaF, ppt + PuO,SO, 
SO, 
(v) PuO,SO, ————> Pu(SO,), 
HF + La?* 
(vi) Pu(SO,). ————-—> (LaF, + PuF,) ppt 
(vii) (PuF, + LaF,) ppt ———-—> Pu(SO,), + La,(SO,), 
NaOH 
(viii) Pu(SO,), ———-> Pu(OH), ppt 
HNO, 
(ix) Pu(OH), ppt ———-> Pu(NO;), 
(x) Pu(NO,), ———-—> PuO, ppt 
SO, 
(xi) PuO, ppt ——-—> Pu(SO,), 
KIO, 
(xii) Pu(SO,). ———-~ Pu(IO,), 
Fig. |. Steps in lanthanum fluoride process. 








A modification of the above process, 
also used in Canada, lost favour be- 
cause of the fire hazard. The uranyl 
nitrate in the dog solution was ex- 
trated into di-ethyl ether, and then the 
plutonium decontaminated by the 
halogenated ether mentioned above. 

A much more popular process, ex- 
tensively used in the U.S.A., is the 
Hexone process, based on the use of 
the solvent Hexone, or methyl iso- 
butyl ketone, CH,COCH,CH(CH,),. 
In this process the nitric acid dog 
solution is not used. Instead, the fuel 
elements are dissolved in caustic alkali 
containing alkali nitrate, the alumi- 
nium canisters of the fuel elements 
being dissolved also. The solution thus 
contains a considerable amount of 
aluminium nitrate after neutralisation 
with nitric acid, and this acts as a 
salting-out agent. The process is 
outlined in the diagram (Fig. 2), 
A, B, C, D and E representing towers 
for solvent extraction of the aqueous 
phases and vice versa. 

This process offers both advantages 
and disadvantages to the chemical 
engineer. The feeble acidity of the 
solution being processed leads to good 
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decontamination from fission pro- 
ducts, so that few repetitions of the 
various stages are necessary. The dis- 
advantages include the low flash point 
of the solvent, and consequent fire 
risk, and the occurrence in the solution 
of large amounts of aluminium salts, 
which accompany the fission products, 
and make difficult the concentration of 
these by evaporation before storage. 

The Hexone process, however, is 
illustrative of the suitability of solvent 
extraction methods to chemical en- 
gineering projects. Solvents can be 
allowed to flow upwards in a tower, 
and the aqueous solutions downwards, 
by making use of density differences. 
Since most organic solvents used are 
less dense than water, this leads to 
good flow in the right direction, and 
to separation of the phases after 
extraction, and much use can be made 
of gravity flow. This led to the con- 
struction of multi-storey processing 
plants, such as are used at the Wind- 
scale Works at Sellafield. Further, 
such a plant is ideally suitable for 
remote control and for the automatic 
monitoring of pH, density, interfaces, 
volumes and rates of flow. 




















The use of air lifts in place of 
pumps for lifting liquids to the top of 
process towers is an attractive possi- 
bility. 

In Britain, the process long used at 
Windscale Works has resembled some- 
what closely the Hexone process, 
except that the solvent used has been 
a more complex ether, of lower vola- 
tility and higher flash point. More 
recently, several countries have studied 
the use of tributyl phosphate (TBP) 
in kerosene solution as the solvent, 
and this holds considerable promise. 


Dry methods 

One method suggested for the 
separation of the uranium, plutonium 
and fission products was direct distil- 
lation. Even with the aid of vacuum, 
the high temperatures needed made 
this an unattractive proposition. 

The partition might also be carried 
out by means of a liquid metal as 
solvent. This type of process has not 
yet been fully investigated, and offers 
a number of pitfalls and difficulties. 

Fluoride volatilisation has also been 
extensively studied. If the elements 
are converted into their fluorides, 
separation of the latter may be pos- 
sible, taking advantage of the differing 
volatilities. 

The possible fluorinating agents are 
fluorine itself, and the trifluorides of 
chlorine and bromine, i.e. CIF, and 
BrF, respectively. In all cases the 
reaction is strongly exothermic, the 
heat of reaction decreasing somewhat 
from fluorine, through CIF, to BrF,. 
Once the fluorides are formed, sepa- 
ration can be carried out either by 
straightforward distillation, perhaps in 
vacuo, or by a combination of distil- 
lation with solvent extraction. There 
are many difficulties, as might be 


expected. Firstly, the reactions are 
not easy to control: hot spots may be 
developed, and the container may fire, 
or explosions may occur. Chlorine 
trifluoride offers little advantage over 
a mixture of chlorine and fluorine, and 
may explode spontaneously on storage. 
The BrF,, or fluorine with a bromine 
catalyst, is rather better. Decontami- 
nation from fission products is never 
complete, and caesium and tellurium, 
in particular, tend to volatilise readily. 
The process is quite complex, and is 
not so amenable to remote control as 
the solvent processes. 


Summary 

We have seen that, while precipita- 
tion reactions were worked out in the 
early stages, solvent extraction methods 
proved more popular. Dry methods 
are being actively investigated in a 
number of countries. 

Solvent extraction is a process which 
is highly developed, in the petroleum 
industry, for example. The use of 
countercurrent extraction minimises 
the necessity for large volumes of 


-solvents, and leads to easier remote 


control and monitoring. The only 
moving parts in the process are the 
liquids themselves, and gravity can be 
fully exploited. Columns of suitable 
height can give almost any degree of 
extraction. The design and operation 
of the columns are matters for the 
chemical engineer, of course, but this 
is outside the scope of the present 
article. It is only fair to say, however, 
that the success which has attended 
the development of processes for the 
treatment of irradiated nuclear fuel 
elements is a real tribute to the value 
of collaborative methods, in this case 
between chemists, engineers, physicists 
and chemical engineers. 
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FEEBLY ACID OR BASIC 
REDUCING AGENT 
U SOLUTION “ 
ORGANIC 
A 8 
SLIGHTLY e 
INH 
ACID ile: 
HEXONE H,O 
At (No,),in very 
DILUTE HNO, HEXONE 
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Fig. 2. Simplified diagram, Hexone process of plutonium extraction. 





CHEMICAL & PROCESS ENGINEERING, August 1959 











To Authors of Technical 
Articles and Books 


The Editor welcomes practical 
articles and notes on chemical en- 
gineering and related subjects with a 
view to publication. A preliminary 
synopsis outlining the subject should 
be sent to The Editor, CHEMICAL & 
Process ENGINEERING, Leonard 
Hill House, Eden Street, London, 
N.W.1. 

In addition, the Publishers and 
Editors of the Leonard Hill Technical 
Group are always ready to consider 
technical and scientific inanuscripts 
with a view to publication. Corres- 
pondence should be addressed in the 
first instance to the Book Production 
Manager, at the above address. 











Bulk chemicals in tow 


Deep-sea trials of a Dracone flexible 
towed container have been success- 
fully completed by the Heavy Organic 
Chemicals Division of I.C.I. Ltd. and 
Dracone Developments Ltd. Many 
lighter-than-water liquids are capable 
of transportation in this way, e.g. 
plasticiser alcohols, including iso- 
octanol, and solvents such as acetone, 
isopropyl alcohol and isobutyl alcohol. 
The division arranged to ship a trial 
cargo of liquid hydrocarbons from 
Billingham to Flushing in Holland. 
Dracone 14, with a carrying capacity 
of 40 tons, was selected. The skin, 
about 0.15 in. thick, is of woven nylon 
fabric, proofed inside with oil-resistant 
acrylonitrile - butadiene rubber and 
outside with neoprene, which is highly 
resistant to abrasion and weathering. 

The container was filled from road 
tankers at the I.C.I. wharf at Billing- 
ham on the River Tees as it lay on the 
water. 

The voyage of 260 nautical miles 
was completed at an average speed of 
6.8 knots. So that I.C.I.’s experts 
could examine all phases of the hand- 
ling, unloading was carried out at 
Billingham, this time discharging into 
rail tankers. Even with steep seas up 
to 9 ft. in height, there were no 
serious problems and the tow-rope 
loading was far less than had been 
expected for a container of that size. 

It was concluded that it should be 
possible for a normal cargo vessel to 
take such containers in tow without 
materially increasing fuel costs, or re- 
ducing speed or conventional payload. 

The division intends to carry out 
further investigations into this method 
of exporting. 
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BULK PACKAGING —A Special C.P.E. Feature 





IPA CISAGUING 
CORROSIVE 
CNEMNCAILS 





By C. H. Bulmer, m.a., and S. T. Hurley 
(Printing, Packaging & Allied Trades Research Association 


What ts the best type of package for industrial chemicals and other corrosive materials shipped ‘n 
bulk ? How can packaging and handling costs be cut down ? What are the prospects for cheaper ai d 
more standardised packaging in the future? This article reviews the salient facts and attempts 0 


HE best package for any com- 

modity has been defined as the 
one which enables the product to 
reach the consumer in the best pos- 
sible condition and at the lowest 
possible cost. In no field is this so 
true as the one at present under 
review, for whilst the manufacturer of 
consumer goods must take into account 
the ‘non-functional’ aspects of packag- 
ing such as advertising value and 
embellishments, the ‘ sales appeal’ of 
a pack for industrial chemicals is the 
measure of its suitability for its pur- 
pose. In these days of expensive 
labour and mechanical handling one 
must take into account not only the 
mechanical strength of the package 
but also the ease with which it can be 
handled. With this in mind, it is 
possible to summarise the require- 
ments for a package for corrosive 
products as follows: 


1, Protection of product 


(a) Mechanical strength to with- 
stand hazards of transport. 

(6) Safety to prevent spillage and 
pilferage. 


2. Convenience 

(a) Ease of filling and closing at 
manufacturer’s works. 

(6) Suitability for storage—economy 
of space during storage and trans- 
portation. 

(c) Ease of handling and opening at 
customer’s works. 

(d) Ease of marking with essential 
information. 


3. Shelf life 


(a) Resistance to attack by product 
during transportation and storage. 
(6) Contamination of product. 
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answer these vital questions. 


4. Cost 


(a) Initial cost in relation to value 
of product. 

(6) Re-use value, if returnable. 

A little thought will show that many 
of these considerations can be met 
quite easily by following the rules and 
regulations which have been laid down 
by various authorities, and before 
reviewing the types of pack which are 
available it will be useful to point out 
that there are regulations laid down by 
the Railway Clearing House for rail 
traffic and the Ministry of Transport 
for sea traffic, while in the export 
trade most countries have their own 
rules, e.g. the Interstate. Commerce 
Commission Regulations of U.S.A. 
and Canada. These various regulations 
give guidance as to the type of package 
which can be accepted and also pro- 
vide information about the labelling 
of containers, which is a matter of 
great importance not only to the 
ultimate user but also to persons who 
have to handle the package during 
their normal work. These people are 
frequently not familiar with the pro- 
perties of the various chemicals and it 
is essential to provide them with infor- 





45-gallon drum ready for base-drop test. 


mation about possible dangers aid 
precautions to be taken in the event \f 
breakage or personal contact. 


Types of package 

Turning now to the types of paci.- 
age in common use, they can be su\)- 
divided into four main types which 
will be dealt with under separaic 
heads. 


Drums 

When it is desired to pack corrosive 
materials in drums it is usually neces- 
sary to provide the drums with an 
adherent coating or a detachable plastic 
liner. A great diversity of coatings is 
available, to provide one or more of 
the following properties: 


Abrasion resistance. Provided by 


vinyl, alkyd-melamine, chlorinated 
rubber, epoxy- and epoxy-phenolic 
types. 


Acid resistance, e.g. vinyl, chlori- 
nated rubber, hydrocarbon, phenolic 
and acrylic coatings. 

Alkali resistance, e.g. vinyl, hydro- 
carbon, acrylic, epoxy, styrene and 
melamine-formaldehyde types. 

Water and salt resistance, e.g. viny), 
chlorinated rubber, acrylic, phenolic 
and epoxy-phenolic types. 

Phenolic materials provide a good 
general-purpose coating, but are not 
suitable for strong alkalis. Vinyls are 
thermo-plastic and solvent soluble, 
which limits their use, but they are 
excellent for mild acids and alkalis. 
Epoxy coatings have a wider range of 
use than phenolics, are more flexible, 
and are less easily damaged by reverse 
impact and metal fabrication. Of the 
other plastics polyamides and poly- 
esters have not been used to any great 
extent, and cellulostics are generally 
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unsuitable because of their water 
susceptibility. 

When one is applying a coating to 
a metal surface it is essential to ensure 
that the surface is correctly and 
thoroughly pretreated. Many failures 
can be attributed to neglect of this 
simple precaution. A coating will 
often break down rapidly because the 
metal surface is not free of rust, dirt 
or scale. After cleansing it is advisable 
to phosphate the metal surface to 


improve adhesion and insulate the- 


organic coating from reactive metal 
oxides and corrosion products. After 
phosphating, a coating suitable for the 
product to be packed can be applied 
by hot or cold spray, electrostatic 
spray, brush, flow coating, whirl, 
tumble or roller. Curing is effected 
by solvent evaporation, oxidation or 
polymerisation, and the finish is 
usually stoved. 

Detachable plastic liners for drums 
have been available for some years, 
and polythene is by far the most 
popular material. The first moulded, 
seamless polythene drum encased in 
an open head steel drum was pro- 
duced in the U.S.A. about 15 years 
ago, and all sizes from 5 to 55 gal. can 
be obtained. 

The advantages of polythene in this 
field are chemical inertness and low 
cost. Substances which are highly 
corrosive to metals but do not affect 
polythene at room temperatures in- 
clude chromic acid solutions of any 
concentration, 100-vol. hydrogen per- 
oxide, fluorine in water solution, ozone, 
90°, phosphoric acid and 50°, sul- 


phuric acid. Polythene drums made. 


by a modified blow-moulding tech- 
nique will withstand a hydrostatic 
pressure of 25 p.s.i. and only require 
2°,, ullage — an important freight 


Saving. 


Carboys 

The gless carboy has long been 
the standard container for corrosive 
liquids, and is now machine-made to 


‘Cubitainers’ by Iridon Ltd.: (left) a stack of empty containers, (right) one in use. 


close tolerances as laid down in B.S. 
678. The greatest advances in post- 
war years have been in design and in 
closures. The new, 5-gal., straight- 
sided carboys not only show important 
freight savings but are easier to pro- 
tect than the older, globular 10-gal. 
type. The introduction of the extern- 
ally threaded neck made it possible to 
use a double closure, consisting of a 
cork covered by some form of screw 
cap which can be made resistant to 
corrosion. Glass manufacturers are 
able to provide a straight-sided 10-gal. 
carboy which would enable further 
economies in freight costs to be made. 

In spite of these developments the 
glass carboy still presents a difficult 
packaging problem and, where con- 
ditions permit, many companies are 
turning to plastic bottles, especially 
polythene. With polythene continuing 
to fall in price the trend can be 
expected to increase. The chief 
advantage of polythene is its great 
resilience and, while reduced break- 
ages due to impact are partly offset by 
increased punctures, the overall re- 
duction in losses is quite large. 

A polythene carboy contained in a 
plywood case has been extensively 
used for 60°, aqueous hydrofluoric 
acid, and also for hydrochloric and 
hydrofluo-silicic acid, materials for 
which glass and stainless-steel con- 
tainers could not be used. 

Perhaps one brake on progress is 
that these containers are not cheap 
enough to be used as non-returnables 
except in the export trade. 


Collapsible plastic containers 

A pack which has been very favour- 
ably received in America consists of 
a collapsible plastic container inside 
a fibreboard case. The best known 
version is the Cubitainer which utilises 
a polythene inner container. It is 
fitted with a filling spout, which is 
heat sealable and is used as a pouring 
spout during use. Containers are at 


present available in quart, l-gal. and 
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Old-fashioned, 





Screw-cap polythene bottle. 


5-gal. sizes. Such packs offer sub- 
stantial advantages over the traditional 
packs for liquids, not least being the 
large reductions in storage space 
required for empties. They appear to 
offer the best hope at present of a non- 
returnable container, but it appears 
that they cannot yet compete with 
carboys and drums on terms of cost 
per journey. 


Paper and jute sacks 

The paper sack is a container which 
has come very much to the fore in the 
post-war years, and with improve- 
ments in plastic coating techniques a 
much wider range of products can be 
accommodated. At the present time 
shipping companies are unwilling to 
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give a clean bill of loading to hazardous 
products packed in paper sacks. The 
sack is a useful cheap container for 
powdered and granulated products, 
but before it can be freely accepted 
for dangerous chemicals there are a 
number of problems 10 be overcome, 
notably with regard to a 100%, sift- 
proof closure. The best answer so far 
is the separate polythene inner ply 
which can be heat sealed. 

The paper sack goes a long way to 
meeting the requirements listed at the 
beginning of this article, and one of 
the things which is holding back 
development is the absence of British 
Standards for construction and per- 
formance, without which shipping 
conferences will be unwilling to accept 
it into international trade without 
reservations. 


Future developments 

Packaging materials are so diverse 
that it is always difficult to try to 
forecast the ways in which a particular 
section of the industry will develop. 


Whilst new materials may appear over- 
night, to be heralded as the answer to 
all problems, prolonged trials often 
find them wanting in many respects. 
It would appear at first sight that the 
developments in the plastics industry, 
leading to cheap plastic bottles to 
replace glass carboys, and acid-resis- 
tant coatings on metal drums, have 
already provided answers to many 
problems, and no doubt their use will 
increase. 

One material worthy of particular 
mention is the type of polythene pro- 
duced by the low-pressure Ziegler 
process. This material possesses 
greater rigidity and heat resistance 
than the conventional form, as well as 
exceptional chemical resistance and 
impact strength, making it particularly 
suitable for the manufacture of car- 
boys for strong acids, alkalis and 
detergents. 

But there are other facets to the 
packaging function which provide equal 
scope for improvements and money 
saving. One of these is undoubtedly 





through improved materials-handling 
techniques. The use of fork-lift truck: 
and pallets is now commonplace, but 
how many are working to capacity : 
The efficient use of such equipment 
implies the use of standard packages 
tailored to fit pallets exactly, as we! 
as to contain the required quantity o 
product. The problems are enormous 
for products vary greatly in their bul 
densities, and the trade has becom 
accustomed to dealing in certai) 
traditional weights, but with co 
operation among chemical manufac 
turers, users and package suppliers, 1 
should be possible to reduce the num 
ber of sizes of container at present i 
use. The metal drum manufacturer 
have already given a lead and Cub: 
tainers are to be produced in standar: 
sizes. There is a British Standard fo 
pallets, which lays down a smal 
number of sizes, at least two of whic 
have already been adopted as Inter 
national Standards and, with th 
coming of the European Free Trad 
(Concluded on page 278) 


FASTER PRINTING ON PACKAGES 


With the extension of faster, auto- 
matic production techniques to the 
actual packaging and despatch of 
finished products, there is a call in 
many industries for a quicker and 
more efficient method of marking 
drums and containers than is obtained 
by labelling, stencilling or brushing on 
transfers by hand. Machines are now 
available which can be operated on the 
spot to produce a wide range of 
attractive, permanent markings on 
containers of all kinds. The machines 
are simple to operate and quick drying 
makes it possible to fill the containers 
a few minutes after printing. 


Semi-automatic badging 

These machines are based on the 
silk-screen printing process and a 
brief description appeared in CHEMI- 
cAL & PROCESS ENGINEERING, 1959, 
40 (5), 152. In a typical semi-auto- 
matic machine for printing on drums 
and other cylindrical containers, the 
drum is placed on a sliding carriage 
which is pushed by the operator into 
an aperture in the cabinet-style unit 
housing the mechanism. At a certain 
point the carriage meets a stop which 
automatically sets in motion the silk- 
screen frame, just above the drum. 
The frame moves over the drum 
which automatically rotates, the de- 
sign being imposed as they meet at 
top dead centre. On completion of 
the stroke the carriage is withdrawn 
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and the screen frame automatically 
returns to its original. The whole 
cycle takes only a few seconds so that 
up to 300 impressions/hr. can be 
obtained. 

To change over to a different size 
of drum it is only necessary to replace 
the carriage with another of appro- 
priate size. The screen can likewise 


I pr 3 


Sd 


“ j 


be changed to one of a different siz 
or design in a matter of minutes. 

The machine, which is manufac 
tured by Gayler & Hall Ltd., can bx 
operated from any compressed airline 
with a pressure of 50 p.s.i. A range of 
other silk-screen printing units is avail- 
able for manual, semi-automatic or 
fully automatic operation. 





‘Rondec’ silk-screen drum badging machine. 
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TRENDS UN BULK PACKAGING 


ETAL drums, often with coated or plastic-lined interiors, are holding their 

own for many liquid and semi-liquid products, but plastics, fibre and card- 
oard, or combinations of these, are introducing some new ideas in lightweight 
»ackaging. This article shows the variety of packages available. 


All-metal containers 

In this category are the aluminium 
drums, ranging in capacity from 5 to 
6 gal., as well as intermediate capa- 
sities in stainless steel, supplied to 
meet individual requirements by Lon- 
don Aluminium Co. Ltd. The drums 
are heavily reinforced with mild-steel 
skirts, and bands and bungs can be 
arranged to suit fittings. Aluminium 
drums are anodised internally, and all 
mild-steel parts are aluminium- 
painted. 

Clip-on-type kegs of black steel with 
completely removable lids are made by 
Tanks & Drums Ltd. The lids are 
fitted with handles and rubber washers 
if required. The side seams are elec- 
trically welded and the body has a 
beaded top edge, reinforced by an 
expanded swage in the case of 12-, 14- 
and 16-in.-diam. kegs. The bottom is 
double-welded and reduced for stack- 
ing. There are quick-release, wire- 
seal or screw-type closures. The kegs 
are made from 26, 24 and 22 gauge 
material. Also manufactured from 
black steel sheet by the same company 
is the rectangular Tandrum. This has 
an electrically welded side seam and 
double-seamed top and bottom and 
the interrupted chimb top facilitates 
stacking and pouring. There is a strap 
handle fitted and a variety of closures 
is available. 

Steel drums and other containers in 
a variety of sizes are manufactured by 
F. Robinson & Co. Ltd. When the 
use of plain steel sheets is unsuitable 
other metals can be used or the con- 
tainer can be internally coated with 
high-grade lacquer. The drums range 
from } to 50 gal. Robbicans, which 
are square shaped with rounded cor- 
ners when viewed from the side, with 
a metal handle on top and a spout at 
the corner, are of 5-gal. capacity. 
P.T.L. kegs range from } to 13 gal. 

In some instances, where the con- 
tents of drums have to be thoroughly 
mixed before decanting, it is desirable 
to have an agitating device attached to 
the drum. In the ‘M-type steel 
drum with agitator, supplied by Victor 
Blagden & Co. Ltd., the driving 


tongue projects through the lid. It 
can be operated without removing the 
head or any other component part. 


In transit the shaft is sealed and does 
not rely on any form of gland. 
Wearing parts are hardened and 
apertures can be in various positions. 
The base is normally resistance- 
welded to provide an interior com- 
pletely free from crevices. Gaskets 
are available in rubber, cotton wick 
and asbestos. The lid is finally held 
by a locking ring adjusted by a turn- 
buckle. The drums can be galvanised 
inside and outside, lacquered internally 
with a thermosetting plastic, metal 
sprayed, or hot-dip tinned. Normal 
capacities are 40, 45 and 50 gal. 


Drums with polythene liners 
The Armadillo, from Reads Ltd., is 


a 5-gal. or 10-gal. container composed 


of an outer steel drum and an inner, 





‘Valethene’ 45-gallon drum. 


semi-rigid polythene liner. The bot- 
tom is recessed for easy and secure 
stacking. Acids and other corrosive 
liquids can be transported in it. 

The pourer spout is reversible and 
the drums can be stacked. There is 
an anti-pilfer seal and twin metal 
handles at the side. Being a full- 
aperture drum with hoop closure, the 
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‘Armadillo’ with reversible spout. 


polythene liner can be completely 
removed. All parts are replaceable. 
The outer drum of the Valethene 
45-gal. drums by Metal Containers 
Ltd. are made in 18-gauge steel 
throughout with double-sealed bottom 
and electrically welded side seam, two 
pressed-out rolling hoops and fully 
open top with curled edge. The re- 
movable lid allows the high-pressure 
polythene inner liner to be removed. 
The lid has a rubber sealing washer 
and is fastened with a bolt-type closing 
ring. It is painted black internally and 
externally with acid-resisting paint. 
The lid is pierced to take the necks 
of the inner drums which protrude 
through and are secured with threaded 
plastic collars. Tinplate screw-caps 
and wads complete the closure. The 
approximate gross weight is 62 Ib. 


Fibres and plastics 

Robust, yet light and easy to handle, 
fibre drums for liquids of many kinds, 
including corrosive acids, are available 
from Bowater-Eburite Bulk Packaging 
Ltd. There are various patterns to 
suit different circumstances. The 
polythene inner container of the Poly- 
kask 5B is fitted with a special retract- 
able rubber spout which enables the 
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bung to fit snugly and flush with the 
top, permitting easy stacking. In the 
base is a metal-reinforced indentation 
to allow for the handle fitting of the 
cask beneath, and both ends are 
securely banded with rolled steel rims. 

PVC-lined fibre drums of up to 
25 gal. capacity are offered by the New 
Merton Board Mills Ltd. They were 
developed primarily for carrying cor- 
rosives, acid or alkali, and are cheap 
enough to be non-returnable. The 
Mer-Vi drums can be made from kraft 
or chipboard or a combination of both 
and can be spray-painted and silk- 
screened to give an attractive appear- 
ance. The chemically resistant lami- 
nated liners are securely stitched and 
clamped in position. A neck in the 
top, specially made to facilitate pour- 
ing, can be firmly closed by a polythene 
stopper or cork. 

For the one-way transport of liquids, 
Iridon Ltd. are offering Cubitainers 
(described on another page in this 
issue) consisting of a semi-rigid poly- 
thene container with an outer corru- 
gated box. The collapsible container 
is inflated by air pressure, inserted in 
its box, and filled by gravity. For 
dispensing, the drop-proof spout end 
is eased through the aperture and cut 
open along the edge, and a special 
closure is supplied for after use. 

The containers are about half the 
weight of steel drums and five times 
lighter than glass containers. When 
stacked 10 ft. high, 50,000 5-gal. con- 
tainers can be stored in an area of 
only just over 2,100 sq. ft. 


Polythene bottles 


Armoured polythene bottles which 
need no outer packing for the safe 


transport of liquids, including con- 
centrates of acid and alkali, are avail- 
able from Cascelloid. The 1-, 5- or 
10-gal.-capacity bottles are easily re- 
movable from their armour which is 
a full-aperture drum in 22-gauge 
metal with hoop closure and anti- 
pilfer seal. With the 10-gal. type an 
expansion at the top gives added 
strength and the bottom is recessed 
for stacking and there is a reversible 
tapered spout. 

Thin-wall polythene carboys with 
5-, 10- and 15-gal. capacities from 
Fibrenyle Ltd. can be supplied with 
wire cages and, in the two smaller 
sizes, with armoured metal drums 
with lever locking closure rings. The 
body diameter of the 15-gal. Skylon 
is 16} in., the overall height 27} in., 
the inside diameter of the neck is 27 in. 
and the weight 6} lb. The weights of 
the 5- and 10-gal. models are 2} and 
4} lb. respectively. 


Paper bags for semi-liquids 
Evidence that paper bags are finding 
favour for semi-liquid as well as solid 





The metal-supported *Polykask’ 5B. 





Part of the factory of Metal Containers Ltd. at Ellesmere Port, where drums 
undergo chemical pretreatment and internal lacquering. 
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products is seen in an American 
system, consisting of a special bag and 
bag-sealing machine, which is claimed 
as an alternative to packaging in drums 
and other rigid containers. Called 
Uniseal, the bag is made as a tube with 
two to six plies of paper, the inner ply 
being coated with polythene or other 
heat-sealable material while the outer 
plies are staggered, leaving the inner 
ply exposed for sealing purposes. The 
bag is made to hold up to 100 Ib. of 
material and can be made up of com- 
binations of kraft paper, kraft and foil, 
or polythene-coated kraft and foil. 
The machine operates at a rate of 
six filled bags/min. and is offered by 
Union Bag-Camp Paper Corporation. 





Packaging Corrosive 
Chemicals 
(Concluded from page 276) 


Area, the importance of standard con- 
tainers which can be freely used in all 
the countries concerned needs no 
emphasising. In addition, there are 
the immediate financial benefits of 
cheaper containers to be gained, since 
with standard packages, manufac- 
turers’ machines can work longer runs, 
with less time spent in machine set- 
ting, and more economic use of base 
materials. 

There are two other ways to cut the 
cost of packaging which are worthy of 
mention. One is by reducing the 
weight of containers, and the other is 
by increased use of non-returnable 
containers. Usually the weight of a 
container is included in the cost of 
transport, and can account for 20°, or 
more of the weight of the consign- 
ment. Bottles in wooden cases are 
particularly bad. A 5-gal. bottle plus 
case could weigh 20 lb. and contain 
only 50 Ib. of liquid. Returnable con- 
tainers are usually bad in this respect, 
and there are storage and accounting 
charges to be met. A paper sack, on 
the other hand, occupies little storage 
space, weighs about 1} Ib. and will 
carry 112 lb. of product. 

Thus, even when the main charac- 
teristics of the package to be used 
have been decided, there are still many 
minor considerations with scope for 
reducing costs and, if attention 1s paid 
to these points, then many users will 
be spared the expense of installing 
bulk handling systems. 





TOWER PACKINGS: 


is the subject of next 


month’s special C.P.E. S| 
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Safety in a Plutonium Plant 


The recent criticality accident in the plutonium processing plant at the U.S. Los Alamos Scientific 
Laboratory, which resulted in the death of one of the plant operators, presents engineers with a grim 
lesson in the safe design of such plants. A resume of the official report, which includes the background 


NUCLEAR criticality accident, 

which caused one of the operators 
to be fatally injured by radiation, 
occurred in a plutonium recovery 
plant at the U.S. Los Alamos Labora- 
tory on December 30, 1958. The part 
of the plant involved was the tri-n- 
butyl phosphate (TBP) solvent-extrac- 
tion process used to concentrate and 
purify plutonium from so-called ‘ lean’ 
residues, i.e. typically solutions con- 
taining less than 0.1 g./l. of plutonium 
and traces of americium. A simplified 
flowsheet of the process is given in 
Fig. 1, and Fig. 2 shows the corres- 
ponding layout of equipment in the 
plant. 

Slag and crucible gleanings (from 
metal preparation), together with other 
lean residues, are dissolved, and the 
resulting solution clarified by filtration. 
The removed solids are treated sepa- 
rately while the filtrate is contacted in 
columns with TBP, carried in organic 
solvent, to extract the plutonium; the 
plutonium is back-extracted into an 
aqueous phase that is concentrated by 
evaporation. The concentrated pro- 
duct, which contains plutonium at a 
few grammes per litre, is further puri- 
fied by a TBP extraction in a mixer- 
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settler operation and the product 
material removed for metal prepara- 
tion. 

The raffinate from the column ex- 
traction contains some residual pluto- 
nium and small amounts of americium. 
After chemical treatment the pluto- 
nium and americium are removed by 


Fig. |. Simplified flowsheet of plutonium production at Los Alamos. 


Fig. 2. Layout of plutonium production plant showing: (A) filter feed tank No. 2, 
(B) evaporator No. I, (C) evaporator No. 3, (D) dilute strip tank, (E) precipitation 
tank No. 2, (F) 218 solvent treating tank, (G) current dilute strip tank, (H) raffinate 
tank No. I, (1) storage tank No. 2, (J) nitric acid station, and (K) feed tank No. 3. 
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batch-contacting with TBP. These 
are back-extracted into an aqueous 
solution, which is concentrated by 
evaporation and stored for filtration 
and future processing back through 
the columns. Continued recycle of 
this material ultimately allows the 
separation of an americium product 
solution. 

The actions of heat, nitric acid, and 
alpha particles, from plutonium, on 
TBP result in its hydrolysis to mono- 
and dibutyl phosphates, both of which 
form plutonium-rich compounds. 
Treatment of the solvent with caustic 
precipitates these plutonium-contain- 
ing materials, forming an emulsion. 
The caustic is acidified, which leaves 
the hydrolysis products precipitated, 
and the slurry is recycled through the 
filtration and column-extraction sys- 
tem. After acidification, the solvent is 
acceptable for re-use. 


Events leading to the accident 

At the time of the accident, a stock- 
taking of materials in the TBP-solvent- 
extraction plant was in progress. The 
normal flows were interrupted and 
residual materials in all process vessels 
were to be evaluated for plutonium 
content. This requires filtration of 
solutions, a thorough cleaning of 
vessels, and analysis of the clarified 
solutions and removed solids. 





A reconstruction of the significant 
events indicates that plutonium-rich 
solids, which normally would have 
been handled separately, were washed 
from two other vessels into a large 
vessel that contained dilute aqueous 
and organic solutions. After removal 
of most of the aqueous solution from 
this vessel, the remaining material, 
approximately 40 gal., was transferred 
to the stainless-steel solvent-treating 
tank in Room 218 in which the accident 
occurred. This tank already contained 
about 80 gal. of caustic-stabilised, 
aqueous-organic emulsion that had 
resulted from the second step in the 
precipitation of TBP hydrolysis pro- 
ducts. 

Material transfers leading up to the 
accident were as follows (see Fig. 2 
for vessel positions): 

(1) Dilute strip tank: 50 gal. water 
had been added previously and agitated 
to attempt to dissolve an estimated 
20 lb. of solids in the bottom of this 
tank. This slurry was transferred into 
the current dilute strip tank, and the 
remaining solids were flushed into it 
with 15 gal. water. 

(2) Evaporator No. 1: From a 110- 
gal. batch of concentrated dilute strip 
and peroxide filtrate, 100 gal. was 
transferred to the filter feed tank No. 2 
for filtration. The remaining 10 gal. 
was transferred to the current dilute 
strip tank. 

(3) Current dilute strip tank: In 
addition to the above solutions this 
tank contained an estimated 320 gal. of 
dilute strip, 100 gal. of acidified caustic 
from solvent treating, 15 gal. of 
solvent residual from phase separation 
of dilute strip, and 2 gal. of a special 
recovery solution containing 4 g. of Pu. 

(4) Solvent treating tank: A 145-gal. 
batch of treated solvent containing 
2.9 g. of Pu was transferred from this 
tank into raffinate tank No. 1. 

(5) Storage tank No. 2: This tank 
contained an 80-gal. batch of an emul- 
sion resulting from the second treat- 
ment of a batch of solvent. This 
material was transferred into the 
solvent treating tank. 

(6) Current dilute strip tank: From 
prior experience it is believed that the 
solutions in and added to this tank 
contained : 

Vol. Plutonium 


Solution (gal.) (g.) 

Dilute strip . 320 30 
Acidified caustic .. 100 40 
Solvent .. ne “ee oe 1 
Special recovery solution 2 4 
Rinse water sia i ae 10 
Evaporator No. 1 solution 10 12 
Total . 512 97 


The quantity of plutonium in the 


TBP hydrolysis product solids trans- 
ferred from each of the tanks cannot 
be estimated individually; however, 
the total added is now known to have 
been 3.4 kg. A 308-gal. batch of 
aqueous solution, containing 181.2 g. of 
Pu, was transferred into precipitation 
tank No. 2, and 165 gal.—with 50 g. 
of Pu—was transferred into evaporator 
No. 3. The balance of aqueous solu- 
tion and solvent was transferred into 
the solvent treating tank, and 13 gal. 
of concentrated nitric acid was used to 
slurry residual solids from this vessel 
into the solvent-treating tank. 

Solutions and solids enter the cur- 
rent dilute strip tank through a bottom 
inlet, and are mixed by air sparging. 
This allowed transfer of the plutonium- 
laden hydrolysis products into the 
upper acidified solvent layer. Sub- 
sequent transfer of this plutonium- 
rich solvent, and the nitric acid slurry 
of residual solids in the bottom of the 
tank, into the solvent treating tank 
caused acidified emulsion and freed 
additional solvent for further extrac- 
tion of any remaining hydrolysis pro- 
ducts into the combined organic phase. 
As in the current dilute strip tank, 
mixing was caused by air sparging; 
when this stopped the solvent phase 
separated into an 8-in. layer on top of 
the aqueous phase which was sub- 
critical at this time. (This thickness 
was determined by evaluation of the 
solutions in the tank after the accident.) 
Phase separation took about 2} min. 

The standard operating procedure 
lays down that slurries and solid 
residues from the processing tanks be 
transferred separately from each tank 
to the filter feed tank in the filtration 
area. There the solids are removed, 
sampled for analysis, and processed in 
geometrically favourable equipment. 
When solids cannot be transferred as 
a slurry, the tank is opened and the 
solids are removed mechanically. The 
mixing of slurries with TBP has to be 
avoided, not only for criticality con- 
trol, but also from the standpoint 
of acceptable processing procedure. 
(Mixing slurries with TBP generally 
results in a very stable emulsion 
caused by silicates present). 

Although material in the solvent 
treating tank passed from storage tank 
No. 2 had been filtered, slurries trans- 
ferred from evaporator No. 1 and the 
current dilute strip tank had not. It 
is concluded that the latter was the 
major source of plutonium. 


The accident 

Thus it is believed that in the 225- 
gal., 38-in.-diam. solvent-treating tank, 
immediately before the accident, there 





was 87.4 gal. aqueous solution con- 
taining 40 g. of Pu, and on top a 42.2- 
gal. layer of solvent containing 3.27 kg. 
of Pu. Solids (containing 60 g. of Pu’ 
were suspended in both the aqueous 
and organic phases and at the inter- 
face. Few solids settled to the bottom 
of the tank. Calculations based on 
tank diameter and effects of neutror 
‘ poisons ’ indicate that the 8-in.-thicl 
solvent layer was barely subcritical a: 
the plutonium concentration of 20 g./! 
(estimated critical thickness was 8} in.) 

A plant operator started the moto: 
driving the mechanical agitator in th 
tank: there was a ‘ blue flash’ and « 
muffled report. The operator, wh 
was looking into a sight glass at th: 
top of the tank, was knocked off th: 
two-step ladder on which he stood 
Though the shock displaced the tanl 
about 2 in. at its supports, the tan! 
was not ruptured and no plutoniun 
escaped. The operator apparenth 
turned the stirrer motor off, then o1 
again (this time noticing a rumblin; 
sound), ran out a nearby exterior door 
and called that he was ‘ burning up. 

A second operator, 40 ft. away i 
an adjoining room, saw a reflection o! 
the light on the walls (‘like a photo 
flash ’), heard the report, went to help 
and was joined by a third operator 
Returning to lead the first man t 
a shower (on request, apparently as 
the result of suspecting an acid burn), 
they passed the tank, and the second 
operator turned off the stirrer motor. 

The burst activated a radiation 
alarm, 175 ft. away, which was set to 
sound at 10 mr./hr.; the entire plant 
was evacuated. 


The burst 

The initial action of the stirrer in 
the tank forced aqueous solution up 
along the wall, displacing the outer 
portion of the solvent layer and 
thickening the central portion. An 
average increase in solvent-layer thick- 
ness of about 0.4 in., corresponding to 
an average radius decrease of } in., 
could account for the obviously super- 
critical configuration. The burst was 
certainly terminated by the violent 
disturbance generated, and continua- 
tion of the stirring diluted the pluto- 
nium beyond the point at which a 
critical reaction could recur. 

None of the gamma-sensitive re- 
cording detectors within range showed 
an ideal trace but they suggest that 
there was a single burst only. Radio- 
chemical analyses for Mo-99 (con- 
centrated mostly in the aqueous phase 
indicate that the total number of 
fissions in the burst was about 1.» 
— oP. 


CHEMICAL & PROCESS ENGINEERING, August 195? 











The plant operator at the solvent- 
treating tank went into deep shock 
within 15 min. of exposure; he 
regained consciousness some 6 hr. 
later and remained rational and com- 
fortable nearly until his death on 
fanuary 1. The operators who went 
to his assistance show no physical 
-ffect of exposure other than typical 
changes in blood count; both have 
continued on regular duty. The fact 
hat they received predominantly 
ramma radiation indicates, of course, 
chat there was no succeeding burst 
while they were near the tank. 


Solution removal and analysis 


Immediately after the incident, a 
bank of ten 6- and 5-in.-diam. cylin- 
ders was fabricated and set up about 
100 ft. away (Fig. 2). This storage 
array was connected to a transfer line 
leading from the bottom outlet of the 
solvent-treating tank. As the dis- 
position of plutonium in the tank was 
then unknown, opening of the bottom 
outlet valve was a suspect operation; 
it was accomplished—from behind a 
temporary shield—by using a 10-ft. 
extension handle. The solution was 
vacuum-transferred into the bank of 
cylinders without complication on 
January 1 and the levels within the 
cylinders were followed by gamma- 
sensing instruments. Maximum read- 
ing at contact was about | r./hr., and 
indications along the wall of the 
solvent-treating tank immediately after 
emptying were less than 50 mr./hr. 

Successive 9-litre lots of solution 
were removed from the storage cylin- 
ders and samples analysed. Not only 
was the bulk of the plutonium found 
in the organic solvent phase, but a 
concentration of Zr-95 in a suspension 
at the aqueous-organic interface sug- 
gested that the situation was the same 
at the time of the accident. Further- 
more, the chemical form in which the 
plutonium occurred in the solvent was 
consistent with the hypothesis that it 
had been complexed with TBP hydro- 
lysis products. 

Additional evidence that the pluto- 
nium was concentrated in the solvent 
layer when the burst occurred is given 
by the long-lived gamma activity of 
the stainless-steel baffle (type 347) that 
was located about 6 in. within the wall 
of the tank. Scanning indicated a peak 
in activity about 1 in. below the 
mid-plane of the solvent layer. 

A nuclear-criticality review of the 
entire plutonium plant had been com- 
pleted about a month before the 
accident. Changes in equipment 
associated with a hopefully improved 
solvent-extraction process were plan- 
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Fig. 3. Solutions in this vessel became 
critical when the agitator was started. 


ned to reduce dependence upon pro- 
cedural control of batch sizes for 
nuclear-safety purposes, although this 


type of control had been used success- 


fully during the 7} years that the plant 
was in operation. Installation of the 
new equipment was scheduled for 
June and July 1959. Depending upon 
the efficiency of the new extraction 
process, the possibility of eliminating 
the succeeding raffinate solvent-extrac- 
tion and concentration stages (Fig. 1) 
was to be explored. 

Because primary dependence had to 
be placed on procedural controls for 
some time, they were bolstered by re- 
emphasis and improved solids-samp- 
ling methods. Other measures under- 
taken as a result of the review were 
replacement of a product vessel for 
concentrated solution by one of safer 
geometry, review of operating pro- 
cedures, improvement of the nuclear- 
safety training of personnel, design and 
installation of gamma-sensing radia- 
tion, alarms and updating of evacuation 
procedures. 


Process reviewed 


The accident occurred in a process 
that was believed to be relatively safe 
because of small throughput. Long- 
term holdups of material, however, 


‘resulted from the requirement that 


certain plutonium accounts be balanced 
before material in other accounts could 
be processed. So, even here, pro- 
cedural control was recognised as a 
safety requirement. 

Since the accident, of course, there 
has been further detailed review of 
the entire plutonium plant. As a 
result, additional safety precautions 
have been adopted to prevent recur- 
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rence of an accident, and work on 
those already planned has been accele- 
rated. The following changes are 
being made: 

(a) Geometrically favourable dis- 
solvers and feed tanks for filtration 
and solvent extraction have been 
designed. 

(6) Supplemental transfer lines, such 
as those required for emergency use, 
will be blocked to minimise the oppor- 
tunity for abnormal interchanges. 

(c) Cadmium nitrate solution has 
been placed in vent tanks and vacuum- 
buffer tanks to protect against critica- 
lity in case of accidentally introduced 
plutonium solutions. The use of both 
soluble and fixed neutron poisons in 
large process equipment is being 
studied, although unequal distribution 
between phases in the one case, and 
plutonium deposition on surfaces in 
the other, present difficulties. 

(d) Neutron detectors are being 
calibrated and tested for indicating 
abnormal deposits of plutonium. 

(e) Measurements to give nuclear- 
safety data for hydrogen to plutonium 
ratios in the region of 10 to 1 are 
being planned. A computational pro- 
gramme is needed to interpolate be- 
tween experimantal points. 

(f) Gamma-sensing alarms are to be 
located in all areas where a criticality- 
accident potential exists. Equipment 
was temporarily installed at the site 
where the accident occurred, and a 
permanent installation has been de- 
signed. 

(g) Coupled with alarm devices, 
emergency procedures have been 
established and employees trained to 
follow them. As part of the training 
programme, practice actions for emer- 
gency situations will be conducted at 
reasonable intervals. 

(h) Although nuclear criticality is 
a complex and sophisticated subject, 
certain general safety fundamentals 
will be taught to technicians and 
operators. 


Financial assistance for chemical 
research 

The Research Fund of the Chemical 
Society is providing grants for the 
assistance of research in all branches 
of chemistry. About £700 p.a. is 
available and applications should be 
submitted not later than November 14, 
1959. Applications from Fellows will 
receive prior consideration. 

Forms and regulations may be 
obtained from: The general secretary, 
The Chemical Society, Burlington 
House, Piccadilly, London, W.1. 
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Progress in Heavy Engineering 


‘CPE’ takes a look at the currently available techniques of heavy engineering for 
the chemical, petroleum, gas, atomic energy and other industries, as exemplified by 
the new facilities of the Power-Gas Group at Stockton-on-Tees. 


XTENSIVE new facilities for the 

manufacture and testing of pressure 
vessels and all types of heavy industrial 
plant and machinery have been brought 
into operation by Ashmore, Benson, 
Pease & Co. at Stockton-on-Tees. 
The company has been carrying out 
a progressive programme of works 
reconstruction over a number of years 
and it has just completed the final 
transfer of the fabricating and machin- 
ing facilities from the old works to the 
new. The new works as they stand 
today are something of a model in 
heavy engineering, making use of the 
latest cutting, plate-forming, welding, 
machining and testing equipment. 
About £3 million has so far been 
spent on the new works, though to 
date only 40 acres of the complete 
125-acre site has been used. 

The company is part of the Power- 
Gas Group, which is organised into 
various divisions to deal with chemical 
plant, petroleum plant, gas plant, 
general engineering contracts, high- 
class fabrication, blast furnaces and 
oils-and-fats specialities. 


Constructional facilities 


The works consist of heavy and light 
constructional shops, a structural bay, 


| 
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machine and fitting shops with heavy, 
medium and light bays, and an iron 
foundry which is still located on the 
original site half a mile away. 

The constructional shop covers an 
area of 200,000 sq. ft. and is made up 
in two bays, served by 16 overhead 
cranes with lifting capacities of from 
10 to 50 tons. Sub-assembly and 
working areas are also served by jib 
cranes with capacities up to 2 tons. 
This is supported by the latest machine 
cutting, flame cutting and plate form- 
ing equipment. A variety of welding 
processes are used, including the 
manually operated acetylene, metal arc 
and inert - gas - shielded consumable 
electrode methods; the semi-auto- 
matic inert-gas-shielded consumable 
electrode method; and the automatic 
Fusarc, Fusarc CO, and submerged-arc 
methods. There are two automatic 
bogie-mounted external welding 
machines taking vessels of up to 18 ft. 
diam. by about 150 ft. in length. Shot- 
blasting and metal-spraying of all 
types and sizes of equipment are 
carried out. 

The foundry produces high-duty 
iron castings by the Meehanite process. 
Nodular iron castings ate also pro- 
duced under licence. Twenty-four 





One of two automatic welding heads in operation in Ashmore, Benson’s 
constructional shop. 
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A MLS. vessel for crystallisation plan‘. 


grades of Meehanite iron are produce 
with strengths up to 22 tons/sq.ir 
compressive in the ‘as-cast’ con 
dition. The introduction of S.G. o 
high-ductile iron makes it possible t 
obtain strengths of much higher valu 
than those mentioned. 


Stress relieving and testing 

With new facilities to be brough 
into operation at the end of this yea 
stress relieving will be carried out i: 
a four-zone, single-ended furnace 2( 
ft. wide x 20 ft. high x 50 ft. long 
charged-by a flat-top bogie of 100 tons 
capacity. This furnace is capable oi 
programme-controlled heating cycles 
in each of the four zones over th: 
temperature range 300 to 1,100°C. 
and with an accuracy of + 15°C. 

Materials testing is carried out in 
the metallurgical laboratories contain 
ing the usual test equipment, and there 
is a radiographic test section using 
various x-ray machines, and the radio- 
isotopes caesium 137, iridium 142 
and cobalt 60. Ultrasonic inspection 
equipment is also used. 

For pressure testing, there are per- 
manent facilities for hydrostatic test- 
ing up to 10,000 p.s.i.g. and air testing 
up to 100 p.s.i.g. Other tests such as 
high-pressure air tests, high-vacuum 
tests, halogen tests, etc., to clients’ 
specifications are also undertaken. 


Nylon. Polypenco nylon 66 is 
claimed to be resistant to much higher 
temperatures than the majority of 
plastics and fabricated parts retain 
their form at temperatures up to 
250°C. This and other polymeric 
materials are described in a brochure 
from Polypenco Ltd., 68-70 Tewin 
Road, Welwyn Garden City, Herts 
Available sizes, standard shapes and 
commonly used formulations are tabu- 
lated. 
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CPE reference numbers are appended to ali items appearing in these pages to make it easy for readers to 
cbtain quickly, and free of charge, full details of any equipment, machinery, materials, processes, etc., in which they 
are interested. Simply fill in the top postcard attached, giving the appropriate reference number(s), and post it. 


Corrosives sent packing 


Six new gland packings are an- 
nounced by Crane Packing Ltd., five 
of them having PTFE as the basic 
material. Three of these are impreg- 
nated, as part of the manufacturing 
process, with PTFE dispersion coat- 
ings. 

One example, designated ‘CF2 style 
20BA,’ uses blue asbestos fibres 
braided into square section form, each 
strand being impregnated with PTFE. 
The temperature range is -100 to 

+ 600° F. 

The company is also introducing a 
packing for applications involving the 
handling of steam, air, water, mineral 
oils, petroleum by-products and gases 
at maximum temperatures in the order 
of 1,200°F. This is Cranpac style 1066, 
constructed by braiding high-quality 
asbestos fibres reinforced with Inconel 
wire, into a jacket form. The jacket 
surrounds a core cf asbestos heavily 
impregnated with graphite, to which 
a sacrificial metal has been added. The 
surface of the packing is liberally 
coated with graphite and a corrosion- 
resistant additive. CPE 1292 


Little homogeniser 


Homogenisation of materials in 
laboratory, batch-scale or pilot-plant 
quantities is possible with a new 
Minisonic unit introduced by Ultra- 
sonics Ltd. Up to 3 litres of emulsions 
and dispersions can be treated at one 
filling without external premixing. 

The unit makes use of the ‘ liquid 
whistle’ principle, a thin blade being 
made to vibrate at a frequency of 18 
to 22 kc/s. These vibrations induce 
cavitation and bring about intimate 
mixing. The new unit permits: 
gradual emulsification — particularly 
useful when the proportion of disperse 
phase approaches the theoretical limit 
or when there is danger of reversal in 
the emulsion system; instantaneous 


emulsification; ore-pass homogeni- 
sation for sonifica*ion of premixes; and 
multiple transfer for cmulsions and 
organic dispersions which yield better 
results when they are sonified more 
than once. CPE 1293 


They relieve the pressure 


Pressure-reducing valves, applicable 
to steam, gas, air or liquids, are avail- 
able in a new range of from } to 2 in. 
They are generally constructed of 
heavy bronze castings, though the 
wearing parts are of stainless steel. 
An integral strainer prevents the entry 





Triangle through-conduit valve. 
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of dirt, scale or other foreign matter 
likely to damage the seating. 

The makers, Samuel Birkett Ltd., 
state that irrespective of flow demand 
there is only slight downstream pres- 
sure variation up to the maximum 
rated capacity, and a tight closure 
when there is no demand. There is 
negligible variation of downstream 
pressure due to variations in supply 
pressure, and complete absence of 
* chatter.’ CPE 1294 


Through-conduit valve 


A new through-conduit pipeline 
valve in cast carbon steel is designed 
to meet the need for a valve with 
smooth, clear passage, to allow for the 
use of ‘ go-devils ’ yet with a positive 
shut-off in the rugged conditions of 
pipeline service. Where required, 
valves can be changed from manual to 
motor operation very simply, since a 
flange with dimensions equivalent to 
standard actuators or bevel gears has 
been incorporated in larger sizes. 

This valve is made in sizes from 6 
to 30 in. for maximum cold working 
pressures of 275 p.s.i. (Class 150), 720 
p.s.i. (Class 300) and 1,440 p.s.i. 
(Class 600), the respective test pres- 
sures for these three classes being 425, 
1,100 and 2,200 p.s.i. water. 

Makers are the Triangle Valve Co. 
Ltd. CPE 1295 


Speeds valve strokes 


A booster relay which improves 
design of process control loops by 
making it possible to increase valve 
stroking speeds considerably without 
loss of stability has been introduced 
by Sunvic Controls Ltd. 

A 1-in. stroke valve, with 64-sq.in. 
diaphragm top, might take } min. to 
stroke fully when receiving its signal 
directly from a controller. This time 
can be reduced by a valve positioner 
incorporating volume amplification, 
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but time constants will still average 
approximately 10 sec. Also volume 
amplification can lead to instability 
and oscillation. 

Using the new 61H relay in con- 
junction with the company’s high- 
precision valve positioner applied to 
such a valve, it is possible to stroke 
the valve fully in 1.5 sec. without any 
tendency to oscillation. 

The relay will give a 10.3 s.cu.ft. 
min. average flow for 3 to 15 p.s.i. 
change and 13.5 s.cu.ft./min. for a 
15 to 3 p.s.i. change; 0.7%, of full 
valve stroke causes 12 p.s.i. valve 
pressure change. The model 61H will 
accept input pressure up to 100 p.s.i. 
It will work in ambient temperatures 
from -40 to +180°F. CPE 1296 


One horse does the work of ten 


A pump used as a power unit on 
a plastic press of 125 tons capacity 
was powered by a 10-h.p. motor and 
had a capacity of 8 gal./min. at 2,500 
p.s.i. This unit was replaced for 
economy reasons by a Hi-Lo pump 
unit, with a motor of 2} h.p. driving 
a fixed delivery gear pump of 4} 
gal./min. capacity at 650 p.s.i. and an 
automatic, variable-delivery pump of 
1} gal. capacity at 2,500 p.s.i. The 
operational cycle is as follows: 

The press closes with a combined 
output of both pumps at a pressure of 
650 p.s.i. When the platen closes and 
the pressure in the circuit begins to 
rise, the fixed delivery pump is auto- 
matically ported to the tank and the 
A.V.D. pump continues to supply 
pressure of 2,500 p.s.i. for the final 
squeeze of the press. When this pres- 
sure is reached, the A.V.D. pump 
automatically goes into ‘no stroke,’ 
which virtually unloads the motor. 
The motor is only using the power of 
transferring low-pressure oil from the 
tank back to the tank. The A.V.D. 
pump is maintaining pressure at no 
stroke. The operation requires only 
about | h.p. On the return stroke the 
output of both pumps is again used, 
and the time cycle for both operations 
is the same as with the previous 
equipment, using 1 h.p. instead of 
10 h.p. and with the unit half the size 
of the original equipment. 

This example is given by the manu- 
facturers of the pump unit, Hydraulics 
& Pneumatics Ltd., who point out 
that, on account of the automatic 
feature of moving into no-stroke when 
pressure is reached, it is generally 
necessary for large-capacity pumps to 
be used. With the H.P. automatic, 
variable-delivery pump, pressures from 
500 up to 2,500 p.s.i. may be set at 





Tank for neutron storage. 


any desired pressure by means of a 
simple hand control. When the pump 
reaches the preselected pressure, the 
pump automatically moves into a no- 
stroke position and no oil subsequently 
flows except to replace any losses in 
the circuit itself. This means that the 
pump will maintain the selected pres- 
sure and replace any losses in the 
circuit with practically no power con- 
sumption. As no oil is passing through 
the circuit at high velocity, heat and 
turbulence of the oil are avoided. The 
amount of oil required in the circuit 
is considerably reduced, with a corres- 
ponding reduction in the size of the 
tank. Economies in installation are 
obvious as unloader valves are not 
necessary. CPE 1297 


Sure-cure coating 


A new coal tar-epoxy coating with 
a number of unique properties and 
applicable under almost any weather 
conditions, Epi-Tar, gives a coating 
thickness of up to 10 mils in a single 
brushed coat. It has good resistance 
to acids and alkalis, petrol and diesel 
fuels, petroleum solvents generally, oil, 
fats, greases, salt water and hot water. 
It will tolerate limited surface pre- 
paration. 

The coating will cure under almost 
any weather conditions, even if im- 
mersed in water almost immediately 
after application, say the manufac- 
turers, Corrosion Ltd. It is a two- 





Flotator-clarifier for effluent 
treatment. 


pack material, but has a pot life of 
about five days. Coverage is from 
250 to 300 ft./gal. Colour is black or 
mid-brown and the price is 68s. 6d 

gal. CPE 1288 


Neutron storage 


For storing neutron sources and fcr 
teaching elementary nuclear physics, 
a 25-in.-deep, 23-in.-diam. aluminium 
tank filled with 350 Ib. of paraffin has 
been marketed. A neutron source can 
be positioned so that a collimated 
neutron beam is obtained: experi- 
ments that can be performed include 
low-order neutron activation studies, 
fast and slow neutron shielding studies, 
the determination of nuclear radii, etc. 
The unit is supplied with source- 
handling tongs, two BF, detector 
mounts and a range of foils, foil 
holders and spacers to fit the ports. 
The unit is offered by Nuclear- 
Chicago Corp., U.S.A. CPE 1299 


Good for the waste line 


A complete line of equipment for 
treating sanitary and waste effluent, 
announced by Eimco (Great Britain) 
Ltd., includes clarifiers and thickeners, 
reactor-clarifiers, flotators, flotator- 
clarifiers, grit separators, rotary dis- 
tributors, vacuum filtration equip- 
ment, flocculators and air diffusers. 

The clarifiers and thickeners are 
available in sizes up to 325 ft. diam. 
and, according to diameter, the mech- 
anism may be beam-supported, centre- 
column-supported, or traction-driven. 
Centre-column-supported mechanisms 
can be used in square tanks by the 
addition of pivoted extensions to the 
arms, which sweep settled solids from 
the corners. Spiral inlet diffusers and 
large-diameter feed wells are available 
on all models. The flotators remove 
finely divided, colloidal or floating 
solids without long detention times. 
Among successful applications are 
pulp and paper, soap, oil removal and 
recovery, rendering plant and sludge 
thickening. CPE 1300 
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Drum opener 


Designed to remove heads from 
stcel drums quickly and cleanly, even 
in the case of heavy gauge material, 
a drum opening tool from Powell & 
Co. gives a clean cut close to the 
inside edge of the drum. 

The special cutter blade is drop- 
forged and heat-treated and is detach- 
able for occasional sharpening or 
replacement. CPE 1301 


Felt all right in the heat 


Able to withstand temperatures of 
about 250°C., a new grade of Durestos 
resinated felt is suitable for hot-air 
ducting and fans, bearings subjected 
to high temperature, and other appli- 
cations involving exposure to hot gas. 
As supplied by the manufacturers, 
Turner Bros. Asbestos Co. Ltd., the 
felts are soft and will drape easily to 
the contours of a mould. They will 
retain this softness for up to three 
months if stored under cool conditions, 
sealed in the polythene envelope in 
which they are despatched. 

The electrical properties of this felt 
also show an improvement over exist- 
ing Durestos grades. CPE 1302 


Puts a damper on 
gas vibrations 


The venturi vibration damper de- 
veloped by W. C. Holmes & Co. Ltd. 
is designed to eliminate vibrations in 
compressed gases due to pressure 
fluctuations produced by reciprocating 
or lobe-type compressors. The theory 
on which it is based is that the pres- 
sure fluctuations are high-velocity 
movements in the gas and, by bringing 
the whole of the gas up to or approach- 
ing the velocity of the pressure 
fluctuations and subsequently reducing 
the velocity again, some or all of the 





CAST CARBURISING POT 


x 





The body of this carburising pot, made 
by Thompson L’ Hospied & Co. Ltd., is 
centrifugally cast, resulting in a par- 
ticularly strong and homogeneous con- 
struction. The base is statically cast and 
welded to the pot so that when wear 
occurs a new base can be welded to the 
existing body. CPE 1303 


Damper installation, with venturi type 
in middle. 


fluctuations are eliminated. An inter- 
mediate velocity is sufficient to remove 
the bulk of the fluctuations in gas 
pressure. 

At an installation at the Pleck Works 
of the West Midlands Gas Board two 
types of damper have been installed, 
one being a venturi type and the other 
comprising a cylindrical box with a 
side extension and a by-pass valve. 
The box contains a fixed and a movable 
perforated screen. Pressure fluctua- 
tions here are produced by machines 
of the Roots type and were causing 
trouble in subsequent after-coolers. 
Both types of damper are equally 
effective. The venturi, however, is 
much neater and is equally effective 
over a wide range of gas flow and the 
kinetic energy of the gas can be 
recovered almost completely. The 
volume of each stream of gas is 6 
million cu.ft./day at a pressure of 60 
in. w.g. above atmospheric. The 
pressure loss in each type of damper 
is of the order of 1} in. w.g. Similar 
dampers have been applied to pres- 
sures of 10 p.s.i. gauge, with successful 
results. CPE 1304 


Photo-electric flow alarm 


A new photo-electric flow alarm for 
industrial Rotameters comprises a light 
source and a photo-conductive cell. 
Each is housed in a black plastic 
moulding which clamps to diametric- 
ally opposite pillars of the chassis. 
Independent adjustments allow the 
alarm to be set at the required height 
and also to align the axes of the lamp 
and photo-cell centrally through the 
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tube. Thus the alarm may be mounted 
on any size of frame in the types 907 
and 914 series. It is made by Rota- 
meter Manufacturing Co. Ltd. 

CPE 1305 


Shapes up to laboratory ware 


Oxide refractories with a greater 
degree of purity, resulting in labora- 
tory ware in a wider range of shapes 
and sizes, have been developed by 
Morgan Refractories Ltd. The range 
at present includes alumina, thoria, 
magnesia, and lime-stabilised zirconia. 
The recrystallised alumina contains 
99.7°,, Al,O, and the crystal structure 
is the result of heat work alone. It 
can be supplied as tubes, sheaths, 
crucibles, bricks, tiles, die pressings 
and special shapes. CPE 1306 


Seals like it hot 


Premature failure of mechanical 
shaft seals has frequently occurred 
owing to their being subjected to too 
high a temperature, although the actual 
temperature at which the liquid was 
being handled was lower than the 
limit imposed by the seal components. 
This mystery has been investigated by 
Crane Packing Ltd., who report that 
such failure can be attributed to the 
severe increase in temperature above 
that of the liquid being handled, 
which occurs between the seal faces 
and which is transmitted to the body 
of the seal. For example, contact-face 
temperatures of seals handling water 
at 230°F. and 25 p.s.i. were found to 
rise by 390 to 750°F. above the tem- 
perature of the water. Tests made 
with various rates of coolant circula- 
tion around the seal face produced 
very little improvement, and tem- 
perature conditions of this order still 
prevailed. 

Success in dissipating the heat 
generated in the body of the seal has 
now been achieved by introducing new 
designs of standard seats, the prin- 
ciple being that their surfaces are 
extended, thus providing a greater area 
through which heat can be transmitted 
to the coolant liquid. 

It is stated that the new seats make 
possible the use of simple seals and 
seal arrangements on liquids at much 
higher temperatures than was pre- 
viously possible. The only limiting 
factor is that of the temperature limits 
of the other components of the seal— 
such as synthetic rubber, in the case of 
the lower-priced seals, which has a 
limit at 250°F., and Fluon, in the more 
expensive seal units, which has a 
limiting temperature of approximately 
450°F. CPE 1307 
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Outsize PVC fittings 
A new range of 6-in. i.d. fittings, 
injection-moulded in Geon high-impact 
rigid PVC, has just been introduced 


by Durapipe & Fittings Ltd. The 
range includes T-pieces, elbow bends, 
sockets and flanges for handling crude 
oil, effluent and allied materials. 
These lightweight fittings, corrosion 
resistant and shatterproof, enable com- 
plicated PVC pipeline systems to be 
constructed quickly. CPE 1308 


Analyses in black and white 
Two new Tinsley polarographs 


analysis of metallurgical products, 
organic or inorganic substances. 

The amplifier is the Tinsley d.c. 
Sensitivity ranges from 0.1 to 150 ya. 
in 34 steps. The polarograph is 
operated from 200 to 260 v. or 100 to 
120 v. a.c. 50 c/s mains. 

For a smaller volume of work a 
simple, compact model, although non- 
recording, provides many of the 
features of the larger instrument; for 
instance it incorporates the derivative 
circuit. It may be operated from a.c. 
mains or internal batteries, and is 
capable of a maximum sensitivity of 
0.02 ua. for full-scale deflection. 





low-pressure systems and with liquids 
of almost any viscosity. 

The new model can be completely 
dismantled without breaking the pipe 
connections. It is 23 in. long and 
contains a Perspex cylinder housing a 
rotor which is located by pivots and 
sprung bearings, so that the flow of 
a liquid is readily revealed by the 
revolving rotor. The method of 


pivoting the rotor is claimed by the 
suppliers, Sir W. H. Bailey & Co. Ltc., 
to reduce friction to a minimum, °o 
that the rate of flow is hardly affectei. 


CPE 13:0 


come from Evershed & Vignoles Ltd. 
One is a single-unit, pen-recording, 
potentiometric instrument which pro- 
vides a high-speed, permanent ink 
record in which direct or derivative 


polarograms can be obtained by 
operating a selector switch. It also version. 
incorporates facilities for variable 


damping. In spite of its high sensi- 
tivity it can be operated by semi- 


skilled staff. It is suitable for the 80°C. 


To show the flow 


The Telecator liquid flow indicator 
is now available in a more compact 
Designed for insertion in 
pipelines, it has ends threaded }, 2 or 
4 in. B.S.P.T., and is for use with 
liquids having temperatures up to 
It can be used with high- or 


CPE 1309 
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High-impact PVC fittings. 





* American Developments in 


Three new sizes of Karbate impervious graphite centri- 
fugal pumps, two with nearly twice the capacity of present 
models, are available from Union Carbide International Co. 
They are equipped with motors of 1, 14 and 2 h.p., giving 
1,750 or 1,450 r.p.m. At 1,750 r.p.m., the latter two 
types can deliver up to 150 gal./min. 

The two larger pumps are available with 3- or 5-h.p. 
motors for handling fluids of higher specific gravity than 
water. CPE 1311 

* * * 

Faster, safer, more accurate estimation of tall oil in 
kraft black liquor is possible under a new analytical method 
developed by Buckeye Cellulose Corporation. A solvent 
system which permits the easy separation of tall oil from 
lignin is the principal feature. Sulphur inclusion is 
avoided by oxidising the inorganic compounds with 
hydrogen peroxide before acidification. After acidification, 
the tall oil is extracted from an aqueous-alcohol-acetone 
solution in which the degraded lignin residues are soluble. 

CPE 1312 
* *x 

A new double-beam infra-red spectrophotometer by the 
Perkin-Elmer Corporation is an optical, null-recording 
flexible instrument designed to handle the broadest range 
of analytical problems from routine identification, through 
complex quantitative determination of multi-component 
mixtures, to studies of fundamental structure of molecules. 

CPE 1313 
* * * 

An alpha alumina catalyst carrier, improving recovery of 
precious metal catalysts such as platinum, and a zirconia 
carrier capable of surface areas up to 70 sq.m./g. for 
petrochemical and petroleum processing are offered by 
the Norton Co. 

The newest alpha alumina product has a thin porous 
outer shell surrounding the core. Its expected improvement 
in recovery is based on regulating the size of the core, 
thereby controlling catalyst penetration. CPE 1314 


Brief x 

MgoO-insulated and metal-sheathed thermocouple wires, 
from Revere Corporation of America, are used for measur- 
ing high temperature and where thermocouple leads are 
exposed to extreme heat. They are available in 12 standard 


constructions with gauge sizes from 15 to 28. CPE 1315 
*x * * 


An analogue computer to speed gas chromatographic 
analysis is announced by Podbielniak Inc. The Computa- 
gram makes it possible to calculate a complete analysis in 
less than 3 min. Calculated percentages are accurate to 
within 0.1%. The computer corrects peak areas or peak 
heights for differences in the response of the detector and 
normalises the corrected areas or heights to total 100. 

CPE 1316 


* * * 


Hose for handling highly corrosive materials at high 
temperatures is being manufactured by the Thermoid 
Division, H. K. Porter Co. Inc. Hose of Viton synthetic 
rubber resists tetraethy] lead and has exceptional resistance 
to such solvents as carbon tetrachloride, benzene, toluene 
and xylene, and to most of the strong acids and bases. 

CPE 1317 


* * * 


A completely frictionless method is used to translate the 
vertical motion of a Rotameter metering float into a rotary 
motion in the MPT-53 flow integrator developed by 
Brooks Rotameter Co. Integration is accomplished photo- 
electrically. Flow rate is indicated on a 4}-in. indicating 
scale and is totalised every 3 sec. on a six-digit counter. 

CPE 1318 
*x * *x 

A panel-mounted off-weight indicator that safeguards 
against spoiled mixtures and batches in automatic propor- 
tioning systems is being introduced by the Richardson 
Scale Co. It provides a visual indication of the number of 
* off-weight ’ graduations for each ingredient weighed. 

CPE 1319 
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Radio-assay of Non-active Gases 


By D. J. Chieck and C. A. Ziegler 


SYSTEM is being developed for 
/"\ measuring the concentration of 
non-radioactive gases which depends 
on the use of a gas-exchange reaction 
with specific chemicals containing 
radioactive isotopes. A gas, or mixture 
of gases, passes through a bed of radio- 
active material giving an effluent gas 
containing activity proportional to the 
concentration of the gas being moni- 
tored. The initial concentration of the 
gas is then measured by radio-assay 
of the ‘ secondary gas.’ 

A device working on this system 
should be at least as sensitive as normal 
methods and is limited only by the 
efficiency of the exchange reaction and 
specific activity of the isotope em- 
ployed. Using a series of exchange 
reactions a mixture of non-active gases 
could be assayed. The instrument can 
easily be made compact and portable 
for field use. 

Using sulphur dioxide the following 
basic chemical reaction is utilised: 


SO, (gas) Cl*O, — (solid) — 
Cl°*O, (gas) 


This reaction is used commercially for 
the preparation of chlorine dioxide 
and is reported to be 97°, efficient. 
Chlorine 36 gives a 700 K.e.V., Emax. 
beta particle and the half-life of 4 « 10° 
years means the chemical used is 
virtually constant in activity. 

The form of the instrument is 
shown in Fig. 1. The prefilter removes 
particulate matter which would clog 
the reaction bed containing the inter- 
changing material. Gas depleted in 
the compound being measured, but 
now containing a proportional quan- 
tity of active gas, passes into the 
measuring cell for assay and then into 
an activated charcoal absorption cell 
so that all activity is contained in the 
device. A small pump draws the gases 
through the system and very little 
shielding is needed, for Cl** is a pure 
beta emitter. 

Accuracy of the unit depends on the 


(Tracerlab Inc., U.S.A.) 





interchanging chemical being used and 
the precautions taken to exclude inter- 
fering gases. In the case of SO, other 
reducing agents such as NO,, CO.,, etc., 
were thought to produce ClO, from 
the chlorate, but in fact their presence 


could be neglected. Mineral acid 
vapours are more difficult and must be 
removed preferentially by absorption 
beds placed after the prefilter. In a 
prototype unit (Fig. 2) a geiger tube 
was placed in the middle of a cell with 
the gas flowing all round it to give 
good counting geometry. For SO, 
measurement the cell and the G-M 
tube were made from stainless steel to 
prevent corrosion. 

Feasibility studies have been made 
for an SO, monitor to determine the 
weight of chlorate required, dimen- 
sions of the reaction bed and the effect 
of different flow rates and humidity. 
As would be expected, input and out- 
put flows were proportional until a 
break-through occurred at high flow 
rates, the critical flow being dependent 
on humidity. A carefully designed cell 
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with a small diameter and deep bed 
has a fairly flat response from 25 to 
90°, relative humidity. A cell 0.5 cm. 
in diam. and 3 cm. long showed a fairly 
linear response throughout the humi- 
dity range at a flow rate of 2 1./min. 

Sulphur dioxide concentrations of 
0.33 to 33 p.p.m. were studied. At 
0.33 p.p.m. the effluent ClO,, from 
chlorate having a specific activity of 
0.586 mc./g., gave a count of 7,800 
c.p.m./l. Accuracy of measurement 
will depend on the design of the 
instrument but should be within 5°. 
The reaction cell contains 100 to 150 
microcuries of activity initially and 
would cost approximately $250; for 
continuous assay of SO, at | ug./min. 
it would last 1,500 hr. 

In addition to work on sulphur 
dioxide, experiments are being under- 
taken on monitors for ammonia, phos- 
phorus and arsenic compounds, while 
other gases will be investigated. 


CS, from exhaust gases 


A new £500,000 plant for the con- 
tinuous and automatic recovery of 
substantial quantities of carbon di- 
sulphide from exhaust gases is now in 
operation at the Greenfield viscose 
rayon staple works of Courtaulds Ltd. 
at Holywell, North Wales. It is 
expected to recover more than two- 
thirds of the total CS, used in the 
production unit. 

The plant comprises a steel struc- 
ture 170 ft. high containing a large 
vertical duct, an adsorber, a stripper 
drier and carbon-circulating and re- 
generation systems. The CS,-laden 
gas is blown up the vertical duct into 
the adsorber where it fluidises several 
layers of active carbon which adsorb 
the carbon disulphide. The carbon 
is continuously moving across each 
tray and downwards from tray to tray 
into the stripper/drier which removes 
the CS, by steam. The CS, is con- 
densed and passed to a storage tank 
for returning to the factory. The 
active carbon continues to circulate 
back to the adsorber with a fixed 
proportion being separated for treat- 
ment to remove any minor impurities 
and then being returned to the circu- 
lation. Incorporating extensive in- 
dicating and recording apparatus, the 
plant requires only two men for 
supervision. 
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Company News 





Shell Chemical Co. Ltd. announce 
that certain of the company’s opera- 
tions are being integrated into three 
divisions : industrial chemicals, agricul- 
ture and plastics. 

The Industrial Chemicals Division 
(manager, Mr. P. J. March) will deal 
with solvents, general chemicals, resins 
and detergent products. The existing 
agricultural organisation will remain 
unchanged under Mr. H. G. Huckle. 
The Plastics Division will assume 
responsibility for polyolefins, poly- 
styrene, PVC and synthetic rubber. 
The manager of this division will be 
Mr. V. N. Luke. 

Under Mr. A. D. Buckland-Nicks, 
who becomes regional sales controller, 
the existing Sales Divisions will be 
responsible for the field sales of the 
products of the Industrial Chemicals 
and Plastics Divisions. 

* 

The Lime Division of I.C.I. Ltd. 
will be merged into the Alkali Division 
on January 1, 1960, for administrative 
reasons. Mr. G. W. Talbot, at present 
a director (visiting) of the Alkali 
Division, will become a full-time 
director with responsibility for lime 
affairs. Mr. F. C. Covill and Mr. 
C. S. Hall will be appointed local 
division directors of the Alkali Division 
and will also remain at Buxton. There 
will be no effect on production. The 
division’s annual output of limestone 
is nearly 4 million tons. 

* 


Two additional grades of commer- 
cially pure titanium, Nos. 125 and 150, 
and two alloys, Nos. 230 and 679, have 
been added to the production range of 
I.C.I. Metals Division. The two new 
commercially pure materials widen the 
I.C.I. range to six grades and will give 
more latitude to the fabricator of 
assemblies, such as vessel linings and 
pipework for chemical plant, in which 
ductility is a prime consideration, while 
improvements in formability of the 
harder grades will permit their use for 
more highly stressed components. 

*x 


The Electric Reduction Co., Cana- 
dian subsidiary of Albright & Wilson 
Ltd., has purchased a modern fertiliser 
plant at Port Maitland, Ontario. The 
plant is that of Dominion Fertilisers 
Ltd. and produces phosphatic ferti- 
lisers. It will be linked with the new 
$10 million chemical project at Port 
Maitland. The company will build 
new plants to produce phosphoric acid, 
sodium phosphates and other products 
for Eastern Canada. 
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Imperial Chemical Industries Ltd. 
and Engelhard Industries Inc., U.S.A., 
have signed agreements covering the 
production and sale of platinum- 
titanium electrodes. Engelhard will 
produce such electrodes at their fac- 
tory in the U.S.A. Applications 
include the electrolytic production of 
chlorine and other chemicals, cathodic 
protection, etc. 


The Steel Co. of Wales Ltd. and 
Lincolnshire Chemical Co. Ltd. have 
formed a new company, Margam 
Benzole Co. Ltd., with an ordinary 
share capital of £150,000. It is pro- 
posed to erect the first hydro-refining 
plant in Britain to refine coke-oven 
crude benzole. The plant, to be 
erected at Port Talbot, will draw 
crude benzole from the Steel Co. of 
Wales to produce pure benzene and 
other aromatic products with excep- 
tionally low sulphur content. 

* 


Evershed & Vignoles Ltd. have 
removed their Scottish area office to 
30 Rutland Square, Edinburgh 1. 

_ 


Stream-Line Filters Ltd. are mov- 
ing to new premises at the head- 
quarters of the parent company, Vokes 
Ltd., at Henley Park, Guildford. 

* 


Cambrian Wagon & Engineering Co. 
Ltd., a subsidiary of Powell Duffryn 
Ltd., has changed its name to Powell 
Duffryn Engineering Co. Ltd. In 
recent years the company has estab- 
lished itself in the manufacture of 
equipment for the petroleum, chemical 
and allied industries and in a wide 
field of heavy precision and structural 
engineering. 

In addition to the manufacture of 
standard cylindrical and rectangular 
tanks, the company has carried out 
large bulk storage installations at 
various locations in the U.K. _ It 
undertakes plant design and fabrica- 
tion in mild steel, specifications and 
stainless steels and aluminium alloys. 

*x 

The Northern Ireland Govern- 
ment’s Minister of Commerce and 
Minister of Finance were among a 
party of officials, industrialists, tech- 
nicians and civic dignitaries who 
visited the Ballymena, Northern Ire- 
land, factory of Flexibox Ltd. recently. 
The guests were welcomed by the 
chairman of the company, Maj.-Gen. 
L. O. Lyne, and the managing director, 
Mr. F. B. Porges. 

A number of examples of equipment 






fitted with Flexibox mechanical seals 
were displayed, including oil refinery 
pumps, chemical works pumps and 


food-handling equipment. Manufac- 

ture of mechanical seals first com- 

menced at Ballymena in January 1957. 
* 


An extension to the central analytical 
laboratory of Pilkington Bros. Ltd. at 
Eccleston Grange near St. Helens, 
Lancs., completes what is claimed to 
be the largest and most modern wiit 
of its kind. Built at a cost of £100,010, 
the new wing doubles existing floor 
space by adding a further 8,700 sq. it., 
and laboratory bench space is increas +d 
from 570 to 1,300 ft. 

Equipment includes a {17,00 
direct-reading spectrometer, one of 
only three in use in Britain. It is 
capable of giving, within a matter of 
minutes, analytical results which or ce 
took several days to complete. 

* 

The ion-exchange division ope: a- 
tions of Elga Products Ltd. have 
moved to a new factory at Lane End, 
Bucks. Headquarters, research aid 
service regeneration are now esta)- 
lished there. The area covers } acre. 

* 


Dresser Industries Inc., which sup- 
plies machinery, equipment and tech- 
nical services to the oil, gas and 
chemical industries, has disposed of 
its interest in Hydrocarbon Research 
Inc. of New York. The latter com- 
pany, in which Dresser acquired its 
interest in 1944, is a research engine >r- 
ing and contracting organisation speci- 
alising in the design of various pro- 
cesses in the petroleum, natural gas, 
chemical, iron and steel industries. 

In selling its interest to the remain- 
ing principal, Dresser will continue 
its basic role of equipment manu- 
facturing and will not, directly or 
indirectly, be engaged in process 
design. 

* 

New factory, administrative and 
laboratory buildings for Rocol Ltd. 
have been opened at Swillington, near 
Leeds. The buildings are on a ‘ con- 
crete raft ’ to guard against subsidence 
through colliery workings. 


* 


National Starch & Chemical Cor- 
poration of U.S.A. have purchased 
Polimeros S.A., a manufacturer of 
vinyl acetate polymers, located in 
Mexico City. It will operate as a 
wholly owned subsidiary. Additional 
equipment will be installed so that 
a complete line of vinyl acetate poly- 
mers and copolymers, as well as 
adhesives, may be made. 
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Construction Reaches Its ‘Zenith’ 


at Winfrith Heath 


NEW U.K.A.E.A. REACTOR STATION IS WELL ADVANCED 


ONSTRUCTION of the United 

Kingdom Atomic Energy Autho- 
rity’s big new establishment at Win- 
frith Heath, Dorset, has reached an 
advanced stage and members of the 
Press who were recently invited to 
inspect the site and buildings were 
able to obtain a fairly good picture of 
what the completed station will be 
like. The main activity here will be 
the building of small-scale, zero- 
energy prototypes for the development 
of future types of reactors and for the 
study of reactor operating problems. 
It is here, too, that 12 European 
countries are collaborating, through 
the O.E.E.C.’s European Nuclear 
Energy Agency, in the construction 
and development of a new type of 
power reactor. 

Foundations for the zero-energy 
reactors were started during the winter 
of 1957, No. 1 reactor hall was com- 
pleted by September 1958 and the 
actual reactor, being built by the 
General Electric Co., is expected to 
come into use very soon. Work on the 
second reactor hall is well advanced. 
Associated laboratory and adminis- 
trative buildings are partly in use 
while the Apprentices Training School, 
built last year, is in full operation. 


‘Zenith’ reactor 

Basic studies on high-temperature, 
graphite-moderated systems will be 
carried out using Zenith, a zero- 
energy, gas-cooled reactor designed to 
operate at high temperatures. At first 
it will be used to obtain data for the 
design of the 10-Mw., high-tempera- 
ture, gas-cooled reactor experiment 
(Dragon) to be built as part of the 
joint European effort mentioned 
above. Later, it will be used in the 
U.K.A.E.A.’s long-term research pro- 
gremme on high-temperature systems. 

To measure the properties of reactor 
core arrangements which will sub- 
sequently be loaded into Zenith, 
“exponential ’ experiments are being 
carried out, using a nearly cylindrical 
assembly of fuel elements. The fuel 
elements consist of graphite sleeves 
containing pellets of thorium oxide, 
uranium oxide and graphite. Radium- 
beryllium neutron sources are used to 
generate a neutron flux in the fuel. 








Cut-away view of ‘Zenith’ zero-energy reactor, showing: (1) reactor vessel, (2) 

control rod mechanism, (3) nitrogen supply to reflector, (4) nitrogen supply to 

heater, (5) nitrogen filter, (6) heat exchanger, (7) nitrogen circulator, (8) nitrogen 

purification plant, (9) nitrogen gas holder, (10) waste-heat ventilation system, 

(11) fuel element store, (12) load-unload flask, (13) concrete block shield roof, 

(14) containment dome, (15) air-lock access to dome, (16) shield trolleys, (17) 
labyrinth entry to contained space. 


The observed neutron flux falls off 
exponentially with height and measure- 
ments of the rate of change of the 
neutron flux with height are made 
for a number of different thorium 
uranium/graphite mixtures to give a 
comparison with theory. 

The core of the actual Zenith reactor 
consists of fuel elements arranged in 
the same manner as those used in the 
exponential experiment; these 
elements differ in that the cnds are 
made of solid graphite. The ends of 
the fuel elements and a 3-ft.-thick 
graphite ennulus surrounding the fuel 


‘form a reflector to return some of the 


neutrons escaping from the fuel into 
the core, so reducing the quantity of 
fuel used. 

Nitrogen gas is circulated through 
the core from an external circuit 
mounted in a pit beneath the reactor 
vessel. The nitrogen is heated by a 
250-kw. heater as it enters the core 
to raise the core temperature to 800°C. 
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At the top of the core the hot nitrogen 
is mixed with cooler gas before passing 
through the reflector; thus the re- 
flector is kept at a maximum tem- 
perature of 400°C. 

At these temperatures it is most 
important to maintain the purity of 
the gas and a purification system is 
used to remove traces of carbon 
monoxide and carbon dioxide. The 
reactor itself will be operated at a 
maximum nuclear power of 100 w.; 
the nuclear heat produced is thus 
negligible in comparison with the 
energy used to heat the core. 

The instruments used in studying 
the core are‘ placed at the inner edge 
of the reflector and a ring of 30 control- 
rod holes surround the core. The 
operating power of 100 w. maximum 
is sufficient for the nuclear physics 
measurements and is sufficiently low 
to avoid inducing such high activities 
in the fuel that rearrangement of the 
core would be difficult to carry out. 
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Effluent disposal 

The U.K.A.E.A. is faced with a 
double headache in the treatment and 
disposal of effluents, these involving 
both chemical and radioactive sub- 
stances. To add to the interest of 
constructing a sea-disposal pipeline at 
Winfrith, it was found that the over- 
land route marked out for the pipeline 
passed through sites of archaeological 
interest, while at another point it 
crossed an army gunnery range and 
therefore ran the risk of being sub- 
jected to artillery fire. The first prob- 
lem reached a happy conclusion with 
the unearthing of historical ‘ finds’ 
handed over to the interested authori- 
ties, while the second was solved by 
burying that section of the pipeline at 
a greater depth. 

The effluent disposal plant and 
Jaboratories are under construction. 
Surface water and a small amount of 
purified sewage effluent from buildings 
in which no radioactive work is done 
will be discharged to the local rivers. 
All other wastes will be treated and 
discharged to sea. Effluents containing 
radioactive material will drain from 
buildings into delay tanks in which 
they will be held until the level of 
activity is measured. Depending on 
the activity level, the liquid will be 
pumped to one of three 200,000-gal. 
active sea-disposal tanks for batching 
and final analysis, or diverted to a 
treatment plant in which the activity 
level in the liquid will be reduced by 
chemical treatment. Non-radioactive 
effluents will be allowed to drain to 
local pump-houses and will then be 
collected in two 200,000-gal. non- 
active sea-disposal tanks. 

As well as an enalytical laboratory, 
the effluent control area will contain 
plant for the storage and treatment of 
high-level waste, a decontamination 
centre for plant and equipment and a 
building for the processing and packag- 
ing of solid active wastes. 


Pipeline to sea 

Two identical pipelines are being 
installed and a leak-free overland in- 
stallation is ensured by using a pipe- 
within -a- pipe system; radioactive 
liquid wastes will flow through the 
inner pipe and non-radioactive wastes 
through the outer annulus. 

Automatic monitors on the outer 
stream will detcct any leak from the 
inner pipe. The pipes are of mild 
steel; all welds are radiographed to 
Class I standards and surfaces are 
coated to reduce corrosion. Impressed 
current cathodic protection against 
corrosion will be applied. 

Effluents will be pumped from the 
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main site pumphouse to ‘ break ’ tanks 
at the highest point of the six-mile 
route from which they will flow, by 
gravity, to the discharge points. The 
break tanks are designed on a tank- 
within-a-tank principle. 

The radioactive effluents will be 
discharged through }-in.-thick, welded 
mild-steel pipelines at a point two 


ORDERS and 


Three further orders, worth about 
£40,000, have been received for the 
heavy-duty power-operated manipula- 
tor specially developed by the General 
Electric Co. Ltd. Each of the three 
machines, one for Japan, one for 
Sweden, and the other for the A.E.R.E. 
at Harwell, Berks., is to be used for 
the remote handling of irradiated 
nuclear-reactor fuel elements. 

Japan’s manipulator is for the Japan 
Atomic Energy Research Institute at 
Tokai-Mura, while the Swedish mani- 
pulator is for A.B. Atomenergi—an 
organisation owned jointly by the 
State and a number of private and 
municipal interests. It will be installed 
at the Studsvik Research Station, near 
the Baltic, 60 miles south of Stock- 
holm. 

The manipulator for Harwell is the 
second to be ordered by the U.K. 
Atomic Energy Authority. The first 
one is to be installed at the Windscale 
establishment of the Authority’s In- 
dustrial Group. 


Silicon rectifier equipment of 2.6 
Mw., believed to be the largest yet 
built in the United Kingdom, is to be 
shipped to the Transvaal by Standard 
Telephones & Cables Ltd. for instal- 
lation at the Electrolytic Metals Cor- 
poration plant for the production of 
manganese. 

Large numbers of high power silicon 
rectifiers with a continuous rating of 
100 amp. and a surge rating of 1,000 
amp. are used in the equipment. They 
are capable of operating at 300 v. PIV 
with a temperature of 100°C. With the 
exception of the a.c. circuit breaker 
and the regulator the equipment is 
accommodated in a room 50 by 20 ft. 
Overhead busbars carry the 20,000- 
amp. load at 130 v. to the manganese 
cells. A single 3,150-kva. regulator 
controls the entire equipment. 

Each of the four rectifier cubicles 
contains two separate three-phase 
bridge connections of R58 series recti- 
fiers, supplied from common a.c. bus- 
bars and feeding via separate isolators 
into the main 20,000-amp. busbar. 
Six hollow aluminium busbars form 
the arms of cach bridge and provide 





nautical miles south of Arish Mell. 
The pipes will be surface protected, 
sheathed in concrete and laid through 
channels blasted through rock reefs. 
The pipeline will terminate in dif- 
fusers designed to give maximum 
initial dispersion. | Non-radioactive 
effluent will be discharged 50 ft. 
beyond low-water spring tides. 


CONTRACTS 

the oil cooling to the 12 parallelec 
rectifiers in each arm. The oil passes 
through an oil-to-water heat ex- 
changer. The water is in turn circu- 
lated through a cooling-spray pond 
The oil temperature remains below 
46°C. when 6,000 gal./hr. of oil are 
cooled by 6,500 gal./hr. of water ai 


30°C. Failure of the coolants off-loads 
the equipment. 


Q.V.F. Ltd. have recently received 
an order for an all-glass evaporator 
unit from Thorium Ltd., Widnes, 
Lancashire. This plant will be used 
for the manufacture of thorium nitrate, 
which is in turn used to make gas 
mantles. 

* 

The first 60 units of an order for 
300 uranium oxide fuel elements 
valued at $175,000 and weighing 9,000 
Ib. have been delivered by A.M.F. 
Atomics (Canada) Ltd., a subsidiary of 
American Machine & Foundry Co., to 
Atomic Energy of Canada Ltd. The 
new element is the first ceramic reactor 
core produced in Canada. 

Prototypes will be used to simulate 
operating conditions in several types 
of power reactors which Canada is 
developing. The first of these, the 
20,000-kw. electrical NPD-2, is now 
being built near Rolphton, Ontario. 


. 


The Italian Comitato Nazionale per 
le Richerche Nucleari has purchased 
from William Boby & Co. Ltd. a 
complete electrodialysis stack. It is 
for a research project and is of the type 
pioneered by the British firm for 
experiments in decontamination of 
nuclear effluents. 


Japan’s first spray drier for synthetic 
fluid catalysts, believed to be the 
largest chemical spray drier in the 
Far East, is being installed in Waka- 
matsu City for Shokubai Kasei Kogyo 
K.K. (Catalysts & Chemicals Indus- 
tries Co. Ltd.). Bowen Engineering 
Inc., U.S.A., are the designers and 
engineers. Although some equipment 
will be furnished directly by Bowen, 
the drier will be fabricated in Japan. 
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New Books 





Too many cooks 


This impressive work* is now half- 
way towards completion, and the six 
volumes published so far indicate that 
the whole will constitute a valuable 
source of basic data on chemical 
engineering. Where it fails as a guide 
to chemical engineering practice is 
that the more theoretical and funda- 
mental data are not very happily 
married to the more practical con- 
siderations; a case, perhaps, of ‘ too 
many cooks spoiling the broth,’ since 
each volume comprises a series of 
chapters each written by one or more 
authority, the authors including many 
distinguished names in chemical 
engineering. 

Volume | is devoted to the more 
general aspects of chemical engineer- 
ing practice and, after some intro- 
ductory explanations of the nature of 
chemical engineering and the func- 
tions and training of chemical en- 
gineers, such subjects as production 
economics, process development, pilot- 
plant work and the preparation of flow 
diagrams are given a fairly broad 
treatment. There is an all-too-brief 
chapter dealing with the reporting of 
results from pilot plants and semi- 
commercial units, which in its prac- 
tical value for the young engineer 
compares unfavourably with the excel- 
lent chapter on flow-diagram tech- 
nique which follows it. 

With Volume 2 the work commences 
its review of actual chemical engineer- 
ing operations and processes, starting 
with solid-state systems. This volume 
opens with an introduction to the 
fundamental concepts of matter in the 
solid state, going on to deal with metals 
and metallic alloys; the mechanical 
and physical properties of plastics and 
glasses; a review of the scientific 
factors underlying corrosion pheno- 
mena of different types (too long) and 
of the various methods of combating 
corrosion (too brief); porous masses, 
powder metallurgy, etc. The remain- 
ing aspects of solid-state systems are 
covered in Volume 3, the first quarter 


of this volume dealing with crushing © 


and grinding matters and the remain- 
der with screening, classifying, tabling 
and jigging, flotation and other 
methods of solid separation, along 
with storage, handling and sampling, 
etc. The final sections of Volume 3 
deal with cyclones and_ electro- 
precipitators. 

Volumcs 4, 5 and 6 deal in a similar 


manner with operations and processes 
involving fluid systems. Volume 4 
gives the thermodynamic background 
to physical systems, this being followed 
by a discussion of the various trans- 
port properties of fluids, with, finally, 
a section on the measurement of pro- 
cess variables. Volume 5 turns to the 
transportation of liquids and gases, 
the design of high-pressure vessels, 
liquid-liquid extraction, rectification, 
distillation equipment and other mat- 
ters. In Volume 6 there are sections 
on liquid-gas systems, fluidisation, 
multicomponent gas systems, liquid- 
liquid systems, and on sublimation 
and vacuum freeze drying. Each 
volume has a separate index. 


*Chemical Engineering Practice, edited 
by H. W. Cremer and T. Davies. Vols. 1, 
2 (1956), 3, 4 (1957), 5 and 6 (1958). 
Butterworths Scientific Publications, Lon- 
don. Pp. 522, 661, 558, 647, 725 and 626 
respectively, inc. index. Illus., 95s. per vol. 


Applying chemical 
process economics 


Those interested in applying tech- 
nical information to the economic 
design and operation of chemical pro- 
cess plants will be assisted by this 
book.* It covers general principles, 
practical information and applications. 
The same basic relationships are used 
to handle the problems involving 
selection of new equipment, design of 
process plant components, and opera- 
tion of existing plants. The material 
forms a major part of the subject 
matter of the course in plant design 
given to fourth-year students in 
chemical engineering at New York 
University. 

The first three chapters are devoted 
to a development of the problem of 
making economic balances as applied 
to any situation, either parts of a 
process plant or the complete project. 
It starts with the simplest situations 





BOOKSHOP SERVICE 


All books reviewed in CHEMICAL & 
Process ENGINEERING and all other 
scientific or technical books may be 
obtained from: 

Technical Books, 

308 Euston Road, 
London, N.W.1. 
Telephone: Euston 5911. 


Prompt attention is given to all orders. 
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and proceeds to more complicated 
formulations and techniques. The 
next two chapters give information 
required to apply these techniques, 
and one chapter is devoted to cost 
estimation. Two other chapters are 
concerned with application of the 
treatment to process problems. It is 
shown how various rules of thumb 
may be justified and new ones de- 
veloped, and an appendix provides a 
collection of a number of such rules 
for use in preliminary calculations. 
*Chemical Process Economics, by J. Hap- 
pel. John Wiley & Sons Inc., New York, 


1958. From Chapman & Hall Ltd., 
London. Pp. 298 inc. index. Illus., 68s. 


Processing nuclear fuels 


The economics of power reactors 
is affected, to a large extent, by the 
cost of processing the irradiated fuel. 
Thus the designer of reactor plant must 
understand the problems of reproces- 
sing he is setting when choosing fuel 
element and canning materials. The 
methods and problems of treating 
irradiated fuel are reviewed very 
thoroughly in this work.* 

After an introductory discussion of 
reactor systems, the factors affecting 
reprocessing are discussed. The 
chemistry of the processes, together 
with solvent extraction and alternative 
processes available for separating the 
mixture of elements, are examined. 
To complete the coverage the authors 
discuss the disposal of the separated 
waste fission products. The book 
certainly gives a comprehensive review. 


*Chemical Processing of Nuclear Fuels, 


by F. S. Martin and G. L. Miles. Butter- 
worths Scientific Publications. 40s. 


Pipe structure analysis 


This book* will be welcomed by 
the pipeline designer who is called 
upon to perform routine analyses of 
the flexibility of his structures to 
ensure their safety. An introductory 
chapter explains the approach to 
analysis for stress and flexibility; 
codes and standards are then dis- 
cussed and methods of stress calcu- 
lation are reviewed. The main part 
of the book is concerned with the 
practical aspects of analysis and 
worked examples are given. Appen- 
dices give useful data on A.S.A. 
standards, the physical properties of 
pipes, and the thermal properties of 
materials. 

* Analysis of Pipe Structures for Flexibility, 
by J. Gascoyne. Sir Isaac Pitman & Sons 


Ltd., London, 1959. Pp. 192 inc. index. 
Illus., 45s. 
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Long experience in 
the production of 
wrought light alloys 
has enabled us to meet 
the new high standard 
demanded in the field 
of nuclear engineering. 


Birmetals manufacture 
magnesium and 
aluminium alloys in the 
form of sheet, strip, plate, 
tube, wire, rod and bar, 
extruded sections and j 
forgings to all U.K.A.E.A. | ‘ J 
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Specific Heats of Organic Liquids 


By D. S. Davis 


(Head, Department of Pulp and Paper Technology, University of Alabama) 
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The accompanying line co-ordinate 
chart enables one to estimate the molal 
specific heats of 10 organic liquids 
over useful ranges of temperature. 
Based on the linearity of specific heat 
with temperature,' the chart was con- 
structed by means of methods? de- 
scribed previously. 

The broken line shows that the 
specific heat of benzene at 16°C. is 
31.0 cal./(g. mole)(°C.). 


REFERENCES 

'E. D. Wilson and H. C. Ries, ‘ Principles 
of Chemical Engineering Thermo- 
dynamics,’ p. 326. McGraw-Hill 
Book Co. Inc., New York, 1956. 

*D. S. Davis, ‘ Nomography and Empirical 
Equations,’ Chap. 10. Reinhold Pub- 
lising Corporation, New York, 1955. 
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Benzene 6-9 
/-Butyl alcoho/ O— /00 
Carbon disulphide -23-— 47 
Carbon tetrach/oride O-— 70 
Dich/oro di fluoro - 

methane -30— 47 
Ethy/ alcoho/ 20 — /27 
Ethylene bromide o- 7? 
Ethylene dichloride O-— 77 
Formic acid Oo — 50 
h-Heptane - 23 — 127 
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TUFNOL pays off in protection 





A TUFNOL COVER is the economical answer to many 
battery problems. As an electrical insulator—as a 
protector—as a weight saver. TUFNOL is unaffected by 
acid spillage and seepage. 

It’s tough yet weighs only half as much as aluminium. 
The battery covers illustrated were produced in our 
factory to an aircraft manufacturer’s specifications. 
All TUFNOL components can be produced 

by us to your individual requirements, either by 
machining or by moulding to shape 

during manufacture. Or you can machine them in 
your own workshop from TUFNOL sheet, tube and rod. 


ARE YOU MAKING THE MOST OF TUF OL 


REGISTERED TRADE MARK 


An ELLISON Product 
TUFNOL LTD ° PERRY BARR ° BIRMINGHAM «+ 228 
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Industrial Publications 





Glassed steel. Improved thermal 
shock resistance achieved in Pfaudler 
glassed-steel 59 is indicated in leaflet 
CH61 from Enamelled Metal Products 
Corporation (1933) Ltd., Artillery 
House, Artillery Row, London, S.W.1. 

Tube castings. The merits of 
centrifugally cast Duraspin nickel- 
chrome castings from Thompson 
L’Hospied & Co. Ltd., Stourbridge, 
Worcestershire, are described briefly 
in a leaflet. 

Rigid PVC. A _ comprehensive 
guide has been issued by British Geon 
Ltd., Devonshire House, Piccadilly, 
London, W.1. Technical Bulletin No. 
G.16 has sections dealing with general 
properties, processing techniques and 
methods of fabrication. Emphasis is 
laid on creep behaviour of high-impact 
PVC at different temperatures and 
stresses, and the variation of electrical 
properties with temperature. There 
is also a table showing how the 
chemical resistance of rigid PVC com- 
pares with other plastics materials used 
in pipe manufacture. 

Zinc bromide, optical grade, used 
for remote viewing during the hand- 
ling of radioactive materials and for 
biological protection is the theme of an 
eight-page pamphlet from F. W. Berk 
& Co. Ltd., P.O. Box 500, Portman 
Square, London, W.1. 

Zirconium. Standard sizes of rods, 
bars and billets in this metal, based on 
recommendations in B.S. 1628: 1950 
and B.S. 2045: 1953, are being pro- 
duced by the Metals Division, I.C.I. 
Ltd., P.O. Box 216, Birmingham 6. 
Their leaflet on the subject tabulates 
the nomenclature and colour coding, 
range of wrought products, standard 
sizes of rod, bar and billet, etc. 

Heating equipment. Literature 
covering many industries and ranging 
from electrically jacketed heating ves- 
sels for the research laboratory to 
large-scale plant installations for frac- 
tionation and distillation purposes is 
available from the Stabilag Co. Ltd., 
Mark Road, Hemel Hempstead, Herts. 
The industrial heating equipment leaf- 
let covers heating tapes, rod heaters, 
drum and conveyor heaters, heating 
mantles and other devices. The heat- 
ing tape leaflet includes charts for easy 
tape selection. 

Gas valves. A brochure dealing 
comprehensively with the five main 
groups comprising the ‘55’ range, 
and with a section devoted to earlier 
types of Western valves is issued by 


W. C. Holmes & Co. Ltd., P.O. Box 
B7, Turnbridge, Huddersfield. 

Terylene. Following the introduc- 
tion of Terylene suits in a chemical 
works, garments were in good con- 
dition after two complete years of 
service. This and other successes of 
the fibre, including filtration of acids, 
are described in a booklet from I.C.I. 
Ltd., Imperial Chemical House, Mill- 
bank, London, S.W.1. 

Valves, tubes and fittings in metal, 
obtainable from Markland Scowcroft 
Ltd., Cox Green Works, Bromley 
Cross, nr. Bolton, are listed in the 
company’s latest illustrated catalogue. 
Examples include cast-iron, full-way 
sluice valves, clip gate valves, parallel 
slide valves, reducing valves, and 
malleable pipe brackets. 

Plastic pipes and fittings are being 
mass-produced from }- to 3-in. bore, 


and a chart showing their range 


ex-stock in London, Birmingham, 
Manchester and Glasgow, is obtain- 
able from Extrudex Ltd., Highams 
Park, London, E.4. 

Friction of air in straight ducts 
and pipes is the subject of a booklet 
containing charts based on the latest 
generally accepted hydraulic formulae. 
Publication No. 2007 is obtainable 
from Sturtevant Engineering Co. Ltd., 
Southern House, Cannon Street, Lon- 
don, E.C., price 7s. 6d. 

Synthetic organic chemicals. A 
new edition of a reference booklet on 
the physical properties of more than 
400 organic chemicals, with brief de- 
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CHEMICAL PLANT COSTS 


Cost indices for the month of 
June 1959 are as follows: 


Plant Construction Index: 178.0 
Equipment Cost Index: 165.0 
(June 1949 = 100) 


ove nes 


scriptions of their fields of application, 
is available from the Chemicals De- 
partment, Union Carbide International 
Co., 30 East 42nd Street, New York 
17, N.Y., U.S.A. Niax polyethers and 
Polyox water-soluble resins are in- 
cluded for the first time as are 55 
other products. 

Platinum. Usage of the platinum 
group of metals in the chemical indus- 
try has increased in the last few years. 
Technical data on the catalytic oxida- 
tion of ammonia, gas purification and 
the measurement of impurities in gases 
and on supported platinum metal cata- 
lysts in chemical and petroleum pro- 
cessing are contained in an illustrated 
brochure from Engelhard Industries 
Ltd., Baker Platinum Division, 52 
High Holborn, London, W.C.1. 

Engineers. A business which 
started in 1883 with the manufacture 
of a boiler-feed injector blossomed 
into a thriving concern involved in 
the production of pumps, steam traps, 
heat exchangers and numerous other 
items of equipment. The company’s 
story is told in the 75th anniversary 
brochure of Holden & Brooke Ltd., 
Sirius Works, Manchester 12. 

Metal conduits, fittings and acces- 
sories, to B.S. 31 where applicable, are 
the subject of a comprehensive cata- 
logue/price list from Metallic Seamless 
Tube Co. Ltd., Ludgate Hill, Birming- 
ham. This 41-page illustrated booklet 
is useful for day-to-day reference. 

Mechanical handling in all its 
aspects is covered in a 174-page cata- 
logue from G. Hunter (London) Ltd., 
80 Fenchurch Street, London, E.C.3. 
Cranes, hoists and lifting tackle are 
covered, as well as jacks, conveyors, 
stackers, fork trucks, pallets and stil- 
lages. There are sections on moderni- 
sation of despatch bays, and instruc- 
tions on designing one’s own gravity 
roller conveyor. 

Resinous mortar. Two new data 
sheets on Penntrowel for coating con- 
crete, cement and other surfaces, par- 
ticularly in highly corrosive atmo- 
spheres, have been issued by Pennsalt 
Chemicals Corporation, Three Penn 
Center, Philadelphia 2, Pa., U.S.A. 
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NEW “PUSH-BUTTON’” 
GAMMA SOURCE 
HANDLING SYSTEM 


works without costly manipulators 
or windows—offers unique choice of 
configurations and field strengths 





Curtiss-Wright MAGI Peat ce 


MAGI is a kilocurie source handling system with simple push-button 
control for sending individual source capsules back and forth between 
a dry storage container and the radiation area. Sources travel through 
flexible tubes that are easily arranged in pre-determined configurations 
to give complete freedom in setting up any desired radiation pattern. 
Any number of the source capsules can be in use at one time, giving a 
push-button choice of effective field strength. 


Irradiations can be carried out on a research or production develop- 
ment scale, batch or continuous basis. The MAGI is ideally suited for 
prototype use in the fields of food, agriculture, chemistry (including 
plastics and petroleum), biology, medicine, and materials testing. 







PEE LS hs BROT) BO 


PRINCETON DIVISION 


CURTISS-WRIGHT 


ose] i109). 7 walel, | PRINCETON, N. J. 


Write for literature 
describing the MAGI 
in detail 


In countries other than U.S.A. and Canada contact 
EXPORT DIVISION, CURTISS-WRIGHT CORPORATION, 50 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 


J 


in Canada contact CANADIAN CURTISS-WRIGHT LIMITED, 1980 SHERBROOKE STREET WEST, MONTREAL, P. Q., CANADA 





Technology | 
Notebook | 


Creep data 


A Creep Information Centre is 
being set up at the National Engineer- 
ing Laboratory (formerly the Mech- 
anical Engineering Research Labora. 
tory), East Kilbride, Glasgow, so tha 
industrial designers can more readily 
obtain data on the strength of high- 
temperature materials. 

The main object will be to collect 
and tabulate all available data or 


| creep and rupture properties of con- 


ventional high-temperature materials 
Data for British materials will b« 
issued in an agreed form as far a: 
considerations of commercial security 
allow. The scheme will later b« 
extended to include fatigue and othe: 
mechanical properties of high-tem 
perature materials and informatior 
about test procedures and testing 
machines; data on foreign material 
may also be included. 


Iron and steel research 


The British Iron and Steel Research 
Association is planning two ‘ open 
days’ at its Battersea Park Road, 
London, ‘laboratories on October 22 
and 23. 


Training in polarography 

Full-time intensive practical training 
in all aspects of polarography is offered 
by the British Polarographic Research 
Institute, 55 Oriental Road, Woking, 
Surrey. Each course extends over 
one week with three three-hour periods 
a day. Practical instruction in the 
principles, techniques and applica- 
tions, together with instrumental train- 


| ing will be given. 


Plutonium research 

Battelle Memorial Institute, U.S.A., 
are planning a new laboratory for 
studies of plutonium at Columbus, 
Ohio. Scheduled to be in operation 
by midsummer, it will be the first 
privately financed facility for the study 
of plutonium. Research will centre 
round its applications as a fuel in 
electrical generating station power 
| reactors. 


Corrosion meetings 

Corrosion problems in the high 
temperature and chemical processing 
fields, and associated with stress cor 
rosion and use of inhibitors will be 
discussed at regional meetings of the 
National Association of Corrosion 
Engineers, U.S.A. 
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World News 





AUSTRALIA 


Tannin extraction 

The New South Wales Forestry 
Division of Wood Technology has 
developed a cold-water process for the 
extraction of tannin from the bark of 
pinus radiata, the most extensively 
grown exotic softwood in Australia and 
New Zealand. By using fine bark and 
water at room temperature as a solvent, 
a light-coloured extract, substantially 
free from insoluble materials, can be 
obtained in good yield. 


Helium in low-temperature 
research 

Sir Marcus Oliphant, director of 
the School of Physical Science at the 
Australian National University, Can- 
berra, said in Sydney recently that he 
hoped to initiate experiments at the 
university to produce extremely low 
temperatures. Returning from the 
U.S.A. and the U.S.S.R., he said that 
scientists at the Institute of Physical 
Problems near Moscow were carrying 
out very successful experiments on 
the production of very low tempera- 
tures, using liquid helium, whereas 
previously most workers in this field 
used liquid hydrogen to produce these 
temperatures. He said he hoped to 
start several experiments at the univer- 
sity using liquid helium. 


NORWAY 

Kraft paper plant 

A joint Finnish-Norwegian factory 
for the production of kraft paper with 
an annual capacity of 60,000 metric 
tons, to be built near the Kirkenes in 
the north of Norway, is being con- 
sidered. Raw material would come 
from the district around the Enare Sea 
in Finland and a road would have to 
be constructed between Kirkenes and 
Ivalo in Finland. 


More magnesium 

Norsk Hydro, Western Europe’s 
largest producer of magnesium, has 
decided to increase its production 
capacity at Heroya, southern Norway, 
by 50°, to about 13,500 tons p.a. 
The project is expected to cost about 
£700,000, and will be completed 
during the first half of 1960. No 
appreciable increase in the labour force 
is expected. Almost all of Norsk 
Hydro’s magnesium is exported. 


Reactor in operation 

The Halden reactor, the world’s 
first boiling heavy-water reactor, has 
been put into operation. Results 


from the reactor, together with the 
development of the Research projects 
at the Institute of Atomic Energy’s 
plant at Kjeller, near Oslo, will bring 
closer the long-range goal of a Nor- 
wegian reactor type for propulsion of 
ships. Research workers of 11 coun- 
tries co-operated in the project which 
will be utilised in an international 
research and experimental programme. 


UNITED STATES 


Synthetic resins 

Reichhold Chemicals Inc. announce 
the formation of a new company, 
Resinas Venezolanas C.A., to produce 
synthetic resins in Caracas. It was 
formed with a group of Venezuelan 
industrialists and will manufacture its 
products under formulae and tech- 
niques developed by Reichhold. 


Fuel-element tests 

The results of a series of oxide 
fuel-element tests conducted by U.S. 
General Electric in its Vallecitos boil- 
ing-water reactor were revealed at the 
American Nuclear Society’s annual 
meeting. Of 500 fuel segments 
irradiated in the reactor since late 1957 
only two have failed. Both were of 
preliminary design and contained high- 
density uranium dioxide pellets. 

In the two cases the rupture affected 
only one segment from a total of 18 in 
a fuel assembly bundle. According to 
the scientists, fabrication processes 
are being improved to the point where 
fuel element failures will be unlikely. 





HEART OF A FERTILISER PLANT 


Last month we described the new 

ammonium nitrate factory of Fisons 

Ltd., at Stanford-le-Hope. This photo 
shows the nitric acid converter. 
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INDONESIA 


Fertiliser project 

The Indonesian Government has 
signed a $30-million contract for the 
building of a large fertiliser plant near 
Palembang. The American Foster 
Wheeler Corporation will design and 
construct the plant which is expected 
to save $10 million p.a. in foreign 
exchange when it reaches full produc- 
tion next year. 


BRITISH GUIANA 

Wood-pulp project 

It is reported that the Columbium 
Corporation of America intend to 
establish a wood-pulp industry in 
British Guiana with a factory costing 
$U.S.16 million for the production of 
high-grade wood-pulp, which would 
be used for the manufacture of paper 
and paper products and synthetic 
fibres. They have imported Italian 
technicians to carry out investigations 
into the project. 


FRANCE 


‘Eurochemic’ meeting 

The first meeting of the general 
assembly of the European Co. for the 
Chemical Processing of Irradiated 
Fuels (‘ Eurochemic’) took place at 
O.E.E.C. in Paris recently. Represen- 
tatives from all the countries partici- 
pating in the project (Austria, Bel- 
gium, Denmark, France, Germany, 
Italy, the Netherlands, Norway, Portu- 
gal, Spain, Sweden, Switzerland and 
Turkey) attended. 

Since the formation of the company 
in December 1957, initial design work 
and preparation for building a $12- 
million irradiated fuel processing plant 
has been in the hands of a study and 
research group of the O.E.E.C. Euro- 
pean Nuclear Energy Agency, estab- 
lished at Mol, in Belgium, where the 
plant is to be built. 


PHILIPPINES 

Metallurgical project 

Maria Cristina Chemical Industries 
are starting production of ferro-alloys 
for the first time in the Philippines. 
These will include ferrosilicon, stan- 
dard ferromanganese and silico-man- 
ganese in the form, grades and quan- 
tity required by local steel mills and 
foundries. 

Raw materials—quartz, manganese 
and charcoal—will be procured 100° , 
locally. 


SPAIN 


Chemical pulp from eucalyptus 
The Canadian firm of consulting 

engineers, Stadler Hurter International 

Ltd., in co-operation with the French 
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company, Serete, has signed a contract 
with the Empresa Nacional de Celu- 
losas de Huelva S.A. for the study and 
development of a projected factory for 
the production of chemical pulp from 
eucalyptus wood. 


NETHERLANDS 

Synthetic glycerine 

Shell Pernis Chemical Manufac- 
turers N.V. has announced that the 
capacity of the synthetic glycerine 
plant at Pernis will be increased, as 
a first stage, to a minimum of 15,000 
tons p.a. This first stage is expected 
to be completed in 1960. 


GHANA 


Salt survey 
It was recently reported by Barclays 
Bank D.C.O., Accra, that a team of 


three Japanese engineers had arrived 
to make a survey of the possibilities 
of commencing solar salt production. 
It was understood that the survey was 
intended to cover salt and related pro- 
ducts such as caustic soda, hydro- 
chloric acid, caustic potash, chloro- 
form and bleaching powder. 


MEXICO 


Fertilisers 

A new chemical plant being built in 
Monclova will, when completed, pro- 
duce enough ammonia anhydride, 
nitric acid and other chemicals to 
make 60°/, of the fertilisers now being 
consumed in Mexico. Called Fertili- 
zantes de Monclova, it is 34°, owned 
by French interests. It will use the 
residual gases from the coke ovens of 
the steel mill as the basic raw material. 





Personal Paragraphs 


% The Minister of Power has 
appointed Dr. J. Burns, G.M., to be 
a member of the North Thames Gas 
Board. He will also continue in his 
present position of Chief Engineer to 
the Board. He 
joined the former 
Gas Light & Coke 
Co. in 1929, after 
carrying out re- 
search work in 
chemistry at 
Cambridge Uni- 
versity. Some 
years before the 
war he was for a 
short while in 
Germany as a chemical engineer and 
later returned to the gas industry to 
engage in the testing of carbonising 
and water-gas plants. In 1941 he 
transferred to the engineering side 
rising eventually to the position of 
deputy chief engineer to the Gas 
Light & Coke Co. It was on the 
nationalisation of the gas industry in 
1949 that he was appointed Chief 
Engineer to the newly formed North 
Thames Gas Board. In 1957, he was 
elected president of the Institution of 
Gas Engineers. 


* Mr. T. H. Brooke, managing 
director of Redferns (Bredbury) Ltd., 
has been elected chairman for 1959-60 
of the plant lining group of the 
Federation of British Rubber and 
Allied Manufacturers. Mr. A. E. 
Allock, Dunlop Rubber Co. Ltd., was 
elected vice-chairman. 


%* Mr. E. H. Curtis has been 


Dr. J. Burns 
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appointed general manager of Carbide 
Industries Ltd., a member of the 
British Oxygen Group. He was for- 
merly manager of the company’s 
Londonderry project. He joined the 
group two years ago, and was for a 
time liaison officer to their Norwegian 
associate company Odda Smelteverk 
A/S. 


%* Mr. D. C. M. Salt has been pro- 
moted director of sales and Mr. J. M. 
Kershaw director of development and 
market research of Monsanto Chemi- 
cals Ltd. The company’s two divi- 
sional development departments have 
been unified under Dr. J. A. Gardner. 
Mr. Salt, who has been with the 
company for 24 years, was previously 
general manager of the Chemicals 
Division. Mr. Kershaw joined the 
company in 1946 and was formerly 
chief engineer. Dr. Gardner, who was 
previously in charge of development 
planning, has served the company for 
22 years. 


* Mr. C. F. Denmead has been 
appointed Chemical Inspector, Auck- 
land, New Zealand, a new post just 
created in the N.Z. Department of 
Health. His duties will be to monitor 
the discharge of chemical fumes in the 
Auckland health district, as well as in 
Whangarei and Hamilton. 


* Dr. D. N. Sunderman has been 
appointed chief of the Radio-Isotopes 
and Radiation Division at Battelle 
Memorial Institute, U.S.A. He will 
be responsible for the operation of 
the research centre’s radio-isotope 





The Leonard Hill 
Technical Group — August 


Articles appearing in some of our | 
associate journals this month include: 

Automation Progress — Auto- 
matic Testing and Sorting of Welded 
Tubing; Optimising Control Systems 
for the Process Industries; Recent 
Automation Developments at Vaux- 
halls—2. 


Petroleum—Cyclic Adsorptive Re- 
fining; Design and Use of Air-cooled 
Heat Exchangers; Revolutionary 
Power Transmission Coupling. 


Paint Manufacture—Review of 
Natural Resins; Silicones Improve 
Wax Polishes—2; Chemistry of High 
Polymers. 


Manufacturing Chemist—Furni- 
ture, Fittings and Equipment for the 
Laboratory; Antioxidants for Soap; 
Chemical Services for D.C.L. Custo- 
mers; Design of Microbiology Labo- 
ratories. 

Corrosion Technology — Epoxy 
Resins in Anticorrosive Applications; 
Chemical-resistant Flooring based on 
Epoxy Resins; Significance of Copper 
Deposits Associated with a Boiler 
Tube Failure; Inhibition by Sugar 
of Copper Corrosion in Ammonia 
Solutions; Sacrificial Corrosion. 

Dairy Engineering—Sixty Years 
of Milk and Metal. 

Food Manufacture—I.C.I.’s Food 
Colours Plant at Huddersfield; Blend- 
ing Dough Conditioners into Bakers’ 
Yeast; New Dehydration Method for 
Fruit and Vegetables. 








laboratory and its gamma-irradiation 
facility. He has been engaged in 
research on the application of radio- 
isotopes in industry since joining 
Battelle in 1956 from E. I. du Pont de 
Nemours. 


%* Mr. C. C. Bates, technical director 
of Welding Supervision Ltd., has 
joined the board of their associates, 
Cathodic Corrosion Control Ltd. 
W.S.L. have appointed Mr. J. A. K. 
Stobie as chief engineer. 


* Mr. C. E. Wrangham has been 
appointed joint managing director of 
the Power-Gas Corporation Ltd. He 
is also vice-chairman. He has been 
a director of the company for seven 
years and is also a director of C. Ten- 
nant Sons & Co. Ltd., London. 


%* Laporte Industries Ltd. announce 
that Mr. L. P. O’Brien will retire, at 
his own request, from his appoint- 
ments as chairman and director. He 
has been associated with the company 
for 35 years, having been a director 
for 34 years and chairman for 16 years. 
Mr. P. D. O’Brien, managing direc- 
tor, will now become chairman. Mr. 
R. B. Craig is also retiring from the 
board. 
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